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PREFACE TO THE SECOND EDITION. 


Although the first edition of this book was primarily 
intended^ for the students of this college, it was used as a text- 
book in other Professional and Arts and Science Colleges in 
India. Therefore, with a view to meet the requirements of 
all these students better, I have extended the scope of this 
work*iu this edition by revising certain portions and by 
adding some more chapters on cryptogams, organic evolution 
and heredity. I have to express my obligation to Mr. F. E. 
Parnell for many suggestions and corrections in«the chapter 
on heredity and mendelism. 

The scientific names of species, in some cases, have been 
changed in accordance with Qamlle's Flora of the Madras 
Presidency. The additional illustrations are the work of my 
artist M. Singara Eoyan. In the matter ®f proof-reading 
I had much help from M.R.Ry. P. S. Jivanna Rao, M.A. 

I have to thank the Director of Agriculture (M.R.Ry. 
Diwan Bahadur L. D. Swamikannu Pillai Avargal) and the 
Madras Government for ordering the publication of this' 
edition of my book. 

The excellence of the get-up is due to the interest taken 
by Mr. F. L. Gilbert, the Superintendent, Government Press, 
and I am very much indebted to -him. 

Ageicultueal College, 

COIMBATOBE, K. RANGACH,^RI. 

1 St No uemher 1 921 . 




PEEPACB TO THE PIEST EDITION. 


Although: a large number of excellent books on botany 
are available, they are not so useful for students of this 
country because the plants referred to in these books are not 
know to them, nor are they easily T-rocurable. A few 
boob in which Indian plants are dealt with are either too 
elementary or j;hey cover only certain aspects of plant life. 
This book, restricted to flowering plants, is intended to meet 
the requirements of students of Secondary and Training 
schools, Technical and Professional colleges and of teachers 
and others interested in botany. 

The arrangement of the topics adopted is what I found to 
be most convenient in practice. Most of the facts contained 
in this book form the common property of botanists, but the 
material chosen for the elucidation of these facts is new. The 
use of a microscope for purposes of demonstration is 
essential for a clear and correct understanding of the subject^ 
although some deprecate its use even in the preliminary 
courses of the University in this Presidency. jNo one would 
ever try to teach the functions of plants such as absorption, 
starch formation and respiration without reference to root- 
hairs, chloroplasts and stomata. Mere mention or even 
verbal descriptions with diagrams cannot be expected to make 
points as clear and impressive as the demonstrations of actual 
things would do. To ensure a clear and correct understanding 
of even the most simple and fundamenB-1 facts of plant life, 
the use of the microscope for demonstration is an absolute 
necessity, but its misuse must be prevented'' and guarded 
against - 
B 



Tlie illustrations wer* specially prepafed for this book. 
All the line drawings (except figures 176, 205, 209, 211, 221, 
222, 226, 22<S, 229, 230 to 232, 234, 235, 238, 239 to 241, 243, 
249, 2G7, 28G, 287, 292 to 295, 298, 338, 350, 351, 355, done 
^ by R. Srinivasa A57-yar, artist of the Government Entomologist) 
were made by my artist M. N. Chinnaswami Pillai, and 
giT^t credit is due to Mm for the careful drawings of sections 
made from under the microscope ; the photographs , and 
photomicrographs were taken by me. 

I am indebted to Mr. R. C. Wood, M.A., for reading 
through tih^ greater portion of the manuscript and the proof 
and also for many useful suggestions. I have also received 
much help in proof-reading from my Qhief Assistant 
Mr. 0. TTadnlingam, P.L.S., and from Mr. P. S. Jivanna Rao, 
B.A,, Teaching Assistant, in the preparation of glossary and 
index to plants. Lastly, I have to express my deep gratitude 
to Mr. D. T. Chadwick and the Hon’ble Mr. LI. E. Buckley 
for encouragement to write the book and the Madras Govern- 
ment for ordering its publication. I must also thank Sir 
Alfred Bourne smd Lady Bourne for encouraging me after 
going through the earlier chapters of this hook in the 
mamisoript. 

For the excellence in the get-up of the book I am 
indebted to Mr. T. Fisher, the Superintendent, Government 
Press. 


COIMBATOBE, 
1st March 1916. 


K. RANGACHARI. 
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CHAPTEE I 

INTRODUCTION 

T he science of botany or the study of plants is un- 
doubtedly one of the most interesting branches of 
study. A knowledge of plants is of the utmost importance 
at the present day, and at every turn in our life this will be 
found useful. Our lives and those of all animals are depend- 
ent upon the vegetation of the earth, and yet how few of us 
realize the importance of the part played by plants ! 

Plants are found everywhere and there is scarcely an inch 
of the surface of the globe that is not occupied by one or 
other of the living plants. They are infinitely varied. There 
are plants of all sizes, from the minutest speck like the bac- 
teria revealed only by the highest powers of the microscope, 
up to trees assuming gigantic proportions. (See fig. 1.) 

In form, plants vary so much that one is justified in 
wondering why we include them all under one group, the 
vegetable kingdom. Plants are generally grouped under the 
two heads, flowering and non-flowering plants. Flowering 
plants produce seeds and hence they are called seed-bearing 
plants or spermaphytes. Non-flowering plants d 0 not 
produce seeds and they are known as cryptogams. 

A plant is a living, growing organism. No one would 
ever think of denyiijg this fact, and yet this idea is hardly 
a prominent one with us. Animals have habits of their own 
► they like certain things and dislike others ; they^have very 
often ways oi their own ; they breathe, feed ^nd reproduce 
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their own kind, and have to fight with individuals of their 
class and also with other living beings. Just like animals, 
plants also have their habits, likes and dislikes, and little 
ways of ■ their own ; like animals they breathe, eat and 
reproduce their own kmd;,they also have much to fight 
against ; and they make the most of every opportunity. 
However, there exists considerable difference between animals 
ahd plants, in their mode of living. 



Fig. 1. The main trunk of Seqtioia giganfm, Lindl et Clord, the 
Mammoth tree of California. Note the path cut through the 
trunk. (From a photograph lent by Dr. C. B. Rama Rao.) 

Although plants present endless differences in detail, 
most of them are alike in certain general features of form 
and structure. A cursory examination of seed plants is 
enough to convince one of this fact. In a plant body we can 
distinguish two definite parts ; the root which penetrates deep 
into the soil and the shoot which grows upward into the air. 
The shoot consists of the stem, leaves, tipwers and fruits, and 
the root has only branches. These are the conspicuous 
organs of the plant, and they are concerned in the work of 
nutrition and^reproduction, '' 
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A plant grows and lives amidst other plants and animals. 
There are also the physical conditions such as the soil, the 
moisture, and the temperature. All these constitute the 
surroundings of the plant. A successful living, on the part 
of a plant, depends upon the conditions and the relation- 
ship existing between it and the factors which constitute 
its surroundings. Plants get particular shapes and habits, 
as the result of the interactions between them and their 
surroundings. 

Plants also like aninials have to fight against disadvan- 
tages which are generally. formidable. They have to struggle 
against animals and other plants. They must also be capable 
of seizing upon any advantage that may present ftself in the 
air, in the soil and in competition with other plants. Growth 
amidst very uncongenial surroundings is not possible, because 
plants are not able to adjust themselves to them, Ifr on the 
other hand, the environment is not very uncongenial, the 
plant adapts itself by modifications in its structure and habit. 
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CHAPTER II 

THE TEIBULUS AND GYNANDBOPSIS PLANTS 

The Tribulus ' terrestrls plant— The study of plants 
is best begun by the examination of some of the common 
ones. All of you have seen and are acquainted with the 
Tribulus - plant The sGientific name of this plant is 
Tn’&w/us terrestriSj L.* It grows everywhere in dry open 
places and is in flower all the year round. Perhaps you 
remember ^the tribulation it causes to those who unwarily 
tread on it. 

Try to pull one of these plants from the ground. It is 
not quite easy to do so. The difficulty of pulling up the 
root shows one use of this part of the plant, and that is that 
the root fixes the plant firmly in the ground and prevents it 
from being dragged out by the wind. The root-system of 
this plant consists of a single, thick, long root going straight 
down, and a few small roots springing from it and running 
obliquely. The roots are all pale in colour. The stout, 
leading root is ensiled the tap-root, and the others are lateral 
roots. It must not be supposed that these represent the 
whole of the root-system of this plant. Yery many small 
rocTuS remain behind in the soil. 

The main stem of this plant is in continuation with the 
tap-root and, rising a little above the ground level, it breaks 
into a number of branches, running on all sides and lying 
close to the ground. The shoot or the aerial part of the 
plant consists of several stems, hearing leaves, flowers and 
fruits. The whole of the shoot-system is green, whereas the 
root-system is devoid of this colour. All parts of the shoot 
are covered with close-set, soft hairs. 

Th€' most conspicuous feature in the shoot is the presence 
of a large number of green leaves. At the lower portion of 


• The scientific name of a plant consists of fwo words. The first 
word (Tribulus) is the name of the gemis and the second (terrestris) 
is the name of the species. The letter L. stands for Linnseus who 
first gave this name to this plant. 
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the branches, the leaves are larger and -they get smaller and 
smaller towards the apex. This is so, because the leaves 



Fici. 2. A branch of Trihulus termtm 
1, node 5 2, iuternode j 3, stipule j 4, leaf ; 
5, leaflet. 


nearer the base of a 
branch are older and 
those nearer the apex 
younger. In other 
words, the leaves arise 
at the tip one after 
the other in regular 
succession. 

In the stem the 
places vjjiere the 
leaves arise are called 
nodes, and the 
portion between two 
successive^ no&es is 
termed an internode. 
Towards the growing 
end of the shoot, the 
internodes get shorter 
and shorter, and hence 
the leaves get 
crowded. At every 
node buds are situated 
in the angles forihed 


by the leaf with the stem. This angh is called the 


When the bud in the axil 
develops, it repeats the 
character of the shoot on which 
it arises, and so it is called a 
branch. In flowering plants 
branches arise generally from 
the axils of leaves. 

At every node in the Tri- 
bulus branch, there are two 
leaves, opposite to one another; 
one leaf is smaller than the 
other and sometimes even this 
small leaf* may “be wanting. 
Four small pieces somewhat 





Fig, 3. Parts of the Tribulus 
flower. S. -eepal; P. petal j 
t i tamen ; Gr. pistil. 
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triangular in shape are present at every node, one on each 
side of the leaf. These out-growths from the basal portion 
of a leaf are called stipules. 

The leaf has a very 
^T\ m 3 ^. short stalk called the 

I \ V Petiole and the leaf 

/ 

" !■ 1 \ yv^’wJ I such a way 

^ taken off, 

g I W without in the least 

J V ^ affecting the other pieces. 

.gg Therefore the leaf is a 

compound leaf, anci the 

hG. 4. The essential parts of the . leaflets 

Tribulus flower. 1 and 5, stamens ; ^ _ 

2, ovary ; 3, stigma ; 4, gland. may be inclined 

'■ to consider the leaflets as 

leaves. But we have very good reasons for calling them 
leaflets. Leaves spring from the nodes ; and the stem which 
bears them either grows beyond them, or gives sufficient 
proof that it will do so. Leaves commonly die and fall off as 
a whole, i.e., petiole and all. If these small segments are 
really leaves, ths«y must fall one after another leaving the axis 
on the plant, and the axis must have a growing region at its 
free end. Leaflets, along with the part carrying them fall 
down, and there is no growing point at the end of this 
_,part. We have, therefore, to consider the whole structure, 
leaflets and all, as forming a leaf. As a rule buds are found 
in the axils of leaves and, in the axils of leaflets, we do not 
find any. 

Some of the branches may have bright, yellow flowers 
springing from the axils of leaves. The flower consists of 
four distinct parts. The most conspicuous ring of yellow 
leaves is the corolla, and the leaves of this whorl arc the 
pctalsf Between and below the petals, we find five narrow 
structures green in colour. These are called sepals, and the 
whorl of sepals is known as the calyx. In the flower bud 


the sepals form a tight coat. N^^xt to thelpetals inside, there 
are ten thread-like things with yellow bodies at their ends, 
and each of these yellow knobs has two lobes. Fj,ve of these 
threads are long and! opposite the petals and the remaining 
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five are short and opl)osed to’ the sepals. These two whorls 
are the stamens and each stamen consists of a stalk or 
filament carrying a knob, called an anther, at its tip. The 
anthers contain a fine powder or pollen, some of which may 
be brushed off easily on the fingers. Still inside, in the 
centre of the flower, there is a ^ve-lobed conical body which 
is called the pistil. This grows and becomes the fruit. The 
top of the pistil is called the stigma and the lower [dilated 
portion is the ovary. All the pa%ds of the flower spring 
from the top of the flower-stalk, in close succession. No 
buds arise from the axils of the floral leaves. 

The next thing to consider is whether all the parts of the 
flower are essential, or only some of them. If w<f examine 
flowers at different stages, we do not find all the parts in all 
of them. Some may have all the parts, but the petals and 
the sepals may be in a faded condition and about to fall off. 
In others these parts may be wanting. But* in all the 
flowers, the pistil is sure to be found. This part, instead 
of remaining small, grows and, therefore, its size will vary 
according to the stage of development. The pistil is really 
a young fruit containing very young undeveloped seeds. 
We must consider the parts directly concerned in the 
production of seeds as the most necessary and essential parts 
of a flower. The pistil is clearly one of the essential organs, 
because it contains the young seeds. Stamens are |lso 
essential like the pistil, because the seeds are not formed 
without their help. If we remove the anthers before the * 
flowers open and discharge the pollen and then cover the 
flower with a paper bag, the pistil falls down. If pollen is 
deposited on the stigma, the pistil matures and seeds are 
formed. Therefore we have to infer that the pollen is in 
some way connected with the production of the seed. So it 
is evident that the function of the pollen is to cause the 
production of the seeds by some action which it exe^'ts after 
it is applied to the pistil. This action^leading to the forma- 
tion of seeds is known as fertilisation, and the transfer of 
pollen to stigma, pollinatioji. 

The Tribulus fruit consists of four or five lobes, and it 
breaks up into as many segments. (See fig. 5.) Each of 
these segments bears at its back a pair of lo^g spines above 
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the middle, and another pair of short spines lower down. 
When transversely cut it is somewhat triangular in shape 
and there are four to six thin flat ovate 
seeds in each segment. The hard cover- 
ing with its spines not only affords 
excellent protection to the seeds, but also 
helps the plant in bringing about the 
dispersal of its seeds. When we are hurt 
by thg Tribulus fruit, while walkijig with 
bare feet, we get annoyed and pick the 
fruit and throw it away. This is exactly 
what the plant needs and partly accounts 
for the persistency with which this plant grows everywhere. 

The Gynandropsis plant.— As another example, we 
shall examine the plant, Gyn(mdroi)m imitapliylliL This 
is a common weed of cxiltivated and neglected fields. This 
plant grows^ erect, branches freely and the root and the 
shoot systems are very clearly marked. 



Fiu. 5. Eruit of 
Trihulus terfes- 
im, top view. 



Fig. 6. Fruit of Trihulus terrestrk, I, side view ; 2, a segment ; 

3, transverse section. 

This distinction into root and shoot is a general character 
of plants, and it is of fundamental importance. 

The root-system of this plant does not differ very much 
from that of the Tribulus plant. There is a deep seated tap- 
root, as in the Tribulus plant, and* it also bears branches. 

The shoot-system of the plant, on the o|her hand, differs 
from that of the Tribulus in several respects. The branches 
rise up and gb*ow erect into the air, instead of lying pros- 
trate on the ground as in the Tribulus plant. The leaves 
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are borne singly at’ the nodes and they have long petioles. 
The expanded green blade of this leaf consists of leaflets, 
-but they are arranged in a way quite different from that of 
the Tribulus leaflets. All the leaflets are at the top of the 
petiole, and the arrangement ^recalls to our mind the pal- 
myra leaf. As the disposition of the leaflets is similar to the 
arrangement of the main ribs of the palmyra leaf, the 



arrangement is cailed paltgatc; or digitate, because the 
leaflets spread out like the fingers of a hand. ^The Tribulus 
leaflets are borne on the stalk like barbs on the feather of a 
bird, and sb the arrangement is said to be p initiate. 
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The flowers are axillary, but the leaves from whose axils 
flowers spring become very mucli reduced. All the parts are 
present in these flowers. The outermost whorl of calyx 

consists of four sepals 
and the corolla of the 
same number of petals. 
Both these enveloping 
organs are close 
together, and ’’they do 
not hold the most vital 
relationship to the 
formation of seeds, 
Fig. 8. The flower of Gi/nandropsis which is after all the 
pentaphylla. most important duty 

of the flower. The 
essential organs, the stamens and the pistil, stand out very 
conspicuously, being borne by a stalk. Both the stamens 
and the pistil are provided with stalks of their own. 

The Gynandropsis fruit is long and cylindric, and it con- 
sists of a wall enclosing a single cavity with three or four 
rows of seeds. 

From a study of these two plants we learn that a plant 
consists of the six primary parts : roots, stems, leaves, flowers, 
fruits and seeds. Flowers, fruits and seeds are the parts set 
apart for*the work of Reproduction, while the other parts are 
mainly concerned with Nutrition. The roots ramifying and 
radiating in all directions in the soil secure a firm anchorage 
for the plant and absorb water which then passes to Ihe stem. 
The stem bears the leaves and the flowers, and it is the 
medium through which the raw materials for food i:)ass. 
The expanded thin green leaves prepare the food neetled for 
the growth of the plant under the action of the sun-light. 
The showy flowers bring about fertilization, the fruits form 
the s^eds and the seeds, containing each an embryo plant, 
help in the distribution of plants. 
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OHAPTEE III 

THE SEED AND ITS GERMINATION 

All plants begin their life as seedlings, which arise from 
seeds. #80 we shall examine a few common seeds with a view 
to learn their structure and then follow the process of germina- 
tion. The seeds of Tribulus and Gynandropsis, though 
simple in structure, are not so well suited for the purpose, 
as the^ seeds of pulses, e.g., Cicer aridinum, DoliMs Lahlab, 
Gajanm indicus, and Canavalia 



Fia. 9. The profile :ind 
broadside view of a seed 
of DoUchos Lablah. 


Structure of Dolichos L'ablab 
seed. — The seed of Dolichos Lablah 
is oval, with a smooth surface and a 
white streak on one of its sides. 
At one end of the white streak there 
is a small pit, which is really a 
minute hole in the«seed coat called 
the micropyle. When we press 
soaked seeds between the fingers. 


water will be seen oozing out from the micropyle. 


Take a well soaked Dolichos seed and remove with a knife 


the outer covering or the seed-coat. This covering is really 


divisible into an inner, thin membrane and an outer, thicker 
firmer one. The whole mass, now-exposed, is the embryo or 


the young plant. On one of its edges there is a conical pro- 
tuberance, which is called the radicle. With the help of a 
knife or a needle this mass may be separated easily into two 
large fleshy bodies, or cotyledons (seed-leaves) which are not 
completely separate from each other, but are connecte(l at the 
side with the radicle. The end of the radicle fits into a 


hollow cavity, in the seed-coat, exactly opposite the micropyle. 
Although the cotyledons fit wy closely together, they come 
apart without tearing, as they are naturally separate. 

The strjicture to which the cotyledons are attached is 
called the primary axis, which by subsequent growth, 



12 


MANUAL OF ELEMENTABY BOTANY 


develops into a seedling and then, into an adult plant. This 
axis is really the embryo plant. In it we recognize all the 

parts of the young 
plant with the excep- 
tion that nothing 
fa comparable with the 

W r 1/4 cotyledon occurs in 
^ growing adult 

^ ^ plant; The cotyledons 

are really leaves con- 
taining reserve food- 

^ j, ^ . stuff for the use of the 

Eia: lO'. The embryo and the primary . i . 

axis in the seed of DoUohos lahlah. '’“en it 

starts life and begins 
to grow. The curved end of the primary axis above the 
insertion of- the cotyledons is the plumule and the part 
below the point of attachment is the radicle. The plumule 
consists of a very short piece of stem, on the top of which 
is the bud. 

Germination of Dolichos Lablab seeds. — When seeds 
are sown, they soon show signs of life. This manifestation 
of life is very ^ striking, and changes in form and size 
take place very rapidly during , — — n. 

germination. The early stages X / | 

in Tihe process of germination ) \ I \ 

can he observed with ease by / I 

soakingDolichosLablahseedsioT / \ 

other seeds) in water, until they A k / / 

are soft, and then allowing them 

to germinate in damp sawdust or _ mi. i. iv ^ 
coconut fibre. The seeds may with one 

be taken out, a few at a time, at cotyledon removed, 
short intervals, for noting the 

progre^ in ‘the process of germination. The process of 
germination is rapid, if the seeds are kept in a warm room, 
but even then, some time will probably elapse, before much 
change is noticeable in them. 

The embryo plant in the seed generally undergoes a period 
of rest, although this is not absolutely necessar>\ However, 
it begins to wake up as soon as it is placed under suitable 


Fiu. 11. The embryo of DoU- 
cJios Lahlah seed with one 
cotyledon removed. 
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Dig. 12. Seeds of Canavalia 
showing the wrinkling of the 
seed-coat. 


conditions. When placed in the soil seeds absorb water 
very rapidly. The gradual absorption of water by seeds is 
a very interesting process. Place some seeds in water and 
observe constantly for half an hour and, after that, at frequent 
intervals. Note whether the shaking affects the size, colour 
and textme. Does the seed- 
coat wrinkle ? If so, the 
wrinkles indicate the places 
whei^ water has entered and 
the way it spreads inside the 
seed-coat. The - wrinkling 

commences near the white 

€ 

streak and so it is obvious 
that water enters, at first 
through the micropyle, 
though later on ^ the bntire 
surface of the seed-coat may 
absorb it. Further, the line 
of soft material which runs 
the whole length of the seed on one side absorbs water very 
rapidly. ■ 

The cavity into which the radicle fits ^ets filled with 
water at the very outset. This water 
comes into contact with the radicle 
which ' grows first, and also very ' 
rapidly. The part of the seed-coat 
beneath the hilum stores up a consider- 
able amount of water for the benefit 
of the developing embryo. Then the 
seed-coat and the embryo absorb plenty 
of water and, in consequence, the seed 
becomes larger and softer. It is only 
after this swelling has happened that 
the seed begins to show any sign of 
germination. The swelling of the 
seeds exerts a considerable amount of 
pressure. The fonSe exerted*by swel- 
ling seeds is several hundred pounds. So this force is 
sometimes utilized in separating the pieces of the skull. Dry 
eeds are put into the skull so as to fill the cavity fully and 



swelling of Bengal 
gram seeds. 
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■when they are moistened the bones are forced apart. This 
fact can be demonstrated by filling a narrow-mouthed glass 
bottle with seeds that will just pass through the mouth and 
placing it in a vessel containing water. After some hours 
or the next day the seeds w^ll hare burst the bottle. (See 
fig. 13.) 

Thus it is obvious that one of the functions of water is to 
be useful in a mechanical way. It is water that brings a])Out 
the rupture of the seed-coat and helps the seed to 'bverconie 
the resistance offered by the soil particles. 

The amount of water that seeds, such as DoUchos Lablah 
and other pulses, can absorb is surprisingly large. Doiichofi 
LabJab seeds absorb from 95 to 130 per cent of theh* own 
dry weight of water ; Bengal gram seeds absorb 104 to 110 
per cent and Horse gram from 95 to 107 per cent. 

Ijndeivthe influence of moisture and warmth the embryo 
in the seed begins to unfold 
its parts. Somewhere close 
to the micropyle the radicle 
makes its appearance break- 
ing through the seed-coat, 
and grows downward 
towards the centre of the 
eai4h, whatever may l)e the 
position of the seed. 

As the growing radicle 
or root has to penetrate the 
soil which is generally hard 
it should be capable of 
exerting a considerable 
amount of force. Borne 
idea of the amount of this 
force can be obtained by a 
simple experiment. Fix by 
means of sealing wax or gliie 
to the centre of the pan of a 
portable letter balance a cork ^ith a cavity scooped out in it. 
The cavity m the cork should be well lined with clean moist 
cotton- wool and a seedling of Canavalia or Bolichos fixed as 
shown in the figure. (See fig. 14.) As the growth of the 
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root proceeds tlie scale pan will be pressed downwards and 
the pressure may be read off by means of the pointer. 

In germinating seedlings the root grows in length at first 
and the lateral roots appear only later. This ensures the firm 
anchoring of the seedling. TJje next striking feature in the 
germinating seedling is the elongation of the part of the axis 
below the cotyledons by rapid growth. At this stag’e the 
cotyledons are still enclosed by the seed-coats and so the part 
of the alls below the attachment of tl?e cotyledons (hypocotyl) 
assumes the form of an arch. The looped hypocotyl by its 
growth breaks through the soil dragging along with it the 
cotyledons and the plumule within. This part gradually 
straightens itself and the cotyledons come out of the seed- 
coat. The escape of the cotyledons from the seed-coat -is 
important, because the plumule has to find its way out, to 
grow into the shoot. In seeds in which the Cjjtyledbns do 
not come out of the seed-coat, the plumule emerges through 
a narrow slit between the stalks of the cotyledons, as in the 
seeds of Bengal gram. Mango, and ^Galophyllum inophylkm, 
(See fig. 17.) 

From the commencement of germination up to the time, 
when the first green leaves are unfolded, the needling depends 
upon the cotyledons for its food supply, At first the cotyle- 
dons are fleshy and thick, but as the radicle and the plumule 
grow, they become softer and thinner and ultimately shrivel 
up. These, though considered as the first pair of leaves, are , 
thick because they are packed with food for the rest of the 
growing embryo. Water so eagerly and largely absorbed by 
the seed, as soon as it is sown, is useful at the very outset to 
cause the swelling of the seed and later it is used to convey 
food from the cotyledons to the various parts of the seedling, 
where growth is actively taking place. 

For germination the first condition that is necessary is the 
supply of water to the seeds. This fact is obvious fiDm our 
every day experience. 

So long as seeds are dry they remain dormant. A saturated 
atmosphere is not* capable of rousing the seed into activity. 
An actual contact with liquid mter is necessary for germina- 
tion. An adequate amount of warmth is also^necessary. 
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When seeds are sown in a flower pot surrounded by ice 
they do not germinate. The y also fail to germinate when 
placed under high temperatures. For every kind of seed 
there is a minimum, optimum and maximum temperature for 
germination and the limits vauy. 

Access of fr^h am to the germinating seeds is another 
essential condition. The need for oxygen is not so much 
recognized by us as the other two conditions. But wjien we 
place soaked seeds in a bottle containing carbon dioxide or 
hydrogen gas, they do not gerihinate, although there may be 
sufficient warmth and moisture. 

Seeds fhlly immeysed in water do not at all germinate 
whereas partly submerged seeds do. In the former case air 
is completely excluded but in the case of the latter air is 
available for the seeds. 

Respiration of germinating seeds and seedlings.— 

The.behayionr of the embr^m during the process of germina- 
tion and its dependence on the supply of oxygen for success- 
ful growth are sufficient indications that we are dealing with 
living organisms. This becomes all the more apparent, when 
we observe that^-the oxygen of the air is absorbed and in its 
place carbon dioxide is found. And this is exactly what 
happens in the breathing of an animal. All plants, like 
animals, must respire so long as they continue to live. 
^.During the process of respiration heat is produced both in 
animals and plants. But the heat produced during the 
process, in the case of plants, is lost rapidly on account of 
the very large surface they possess. 

That germinating seeds are actively irespiring may be 
demonstrated by means of a very simple experiment. Secure 
two bottles with, wide mouths or conical flasks: Place inside 
one of them a few germinating seeds of Dolichos LaUcib and 
closeitVitha well fitting cork or rubber stopper having two 
holes. Close in the same way the mouth of the other bottle 
or flask, after ■placing, in it some Dolichos seeds killed by 
boiling or by other means. ' Insert ‘through one of:the holes 
in the cork a thistle funnel tube, so’that'the^endpf the' tube 
reaches almost the bottom of the bottle. Pass into the othe 
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hole a bent tube so that the end of the tube is on a level 
with the inner surface of the cork. Close both the funnel 
and the free end of the bent tube so as to prevent the air 
from getting into the bottle. (See fig. 15.) After the lapse 
of^ia few hours (from .3 to 6 
hours) connect the free end of 
( j the bent tube with another 

Y J tube and dip it in a glass vesseh 

j containmg lime or baryta 

^ J|n water. Then pour water into 

■J M L J I the funnel to drive the air into 

I ^ the vessel of lime baryta 

|| j I * ‘ water. As the air bubbles 

/ j I \ through, the clear water begins 

/ j V , to turn turbid and milky. 

in \ J ifi This does not happ^i in\he 

aAJ /j \ I M bottle containing 

/ml 5 w dead seeds. This milkiness is, 

course, due to the precipita- 
tolii tion of chalk (or barium 

„ , X X J caihonate) formed by the 

Fig. lo. Apparatus to demon- , . ^ , i. 

state the ^^Tspiration of twigs combination of Carbon dioxide 
or germinating seeds. with the lime or baryta water, 

and it is obvious that the 
carbon dioxide has come from the germinating seeds. 



Fig. 16. Apparatus to show that germinating aee*ds respire. 
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By using a different set of apparatus it may be shown that 
germinating seeds give out cai’hon dioxide even when air 
freed from this gas is supplied to them. Take a bask 
provided with a well-fitting rubber stopper having two holes. 
Place in it a few germinating DoVwlm Lahlah seeds along with 
^ a few pieces of clean wet blotting paper. Connect this flask 
with two cylinders containing lime or baryta water by means 
'of bent tubes as shown in the figure. (See fig. Kb) N(‘xt 
connect the cylinder on the left (A in the figure) with a flask 
or cylinder containing a saturated solution of caustic potash 
and solid sticks of the same substance arranged as shown in 
the figurf. The glass cylinder on the right side (B in the 
figure) should be connected with an aspirator bottle filled 
with water, x4.ll the connexions made by glass tubes and 
rubber stoppers must be made perfectly air-tiglit. If water 
is allowed to flow from the aspirator bottle, air will l)e drawn 
in through the bottle containing potash and all the carbon 
dioxide in the air will be a])Sorbed by the potash. The air 

thus deprived of the carbon 
dioxide will get into the 
flask containing germinating 
seeds. The lime or baryta, 
wat r \A cylinder inter- 
posed betwe(‘n the seeds 
and the potash solution 
remains perfectly cleaT\ 
wheretis the baryta waU‘r in 
the cylinder lying hetwe(*n 
the aspirator and the gc‘rmi- 
nating seeds beconies milky. 
x4fter a time the milkiness 
Increases, It is needless to 
point out that thi^ carbon 
dioxide bus been evolved 

by the germinating seeds. 

The process of germination of the seeds of IhiickoH Lahlah 
described is quite characteristic of mosi: seeds. However we 
meet with -variations, especially in the escape of the parts of 
the embryo^ from the seed-coat. Bo we shall study the 
germination of some otbei‘ common seeds, 



Pio, 17. Seedliiig.s of 
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Germination of Mango, Calopliyllum, Ciccr and 
Pumpkin seeds. — In the Man^o plant the seed is enclose(j 
by a hard shell which splits on one side and the radicle 
comes out through the slit. The cotyledons are very large 
and are so gorged with foo(k stuff that they have lost the 
power of acting as leaves and are unable to come out of 
the hard shell. The plumule manages to escape through 



Fio. IH. Seedlings of Bengal gram 


a small slit lying between the cotyledons at their base. 
Another example of this sort is furnished by Cal()^)hyUvm 
nurpliylluni. Idie seed is enclosed by a hard shell as in 
the case of the Mango seed and the escape of the plumule 
also is exactly the same as in it. In the Bengal gram 
seed we have an instance of a seed remaining underground 
during germination. The plumule alone escapes, from 
the seed-coat, finding its way between the cotyledons at 
their base. The plumule has in all these cases to come 
out through a narrow slit, aijd so the formation of leaves is 
very much delayed. The first few leaves, therefore, are not 
well developed ones ; they are small, like stipules and are 
called “ scaleleaves,” 
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In the Pumpkin seeds the radicle emerges through a small 
slit at the narrow end. The cotyledons 
cannot come out unless the slit becomes 
wider, because they are lai*ge. The 
radicle developes, close to the narrow 
end of the seed, a swelling which, like 
a peg, keeps dowm the lower half of the 
seed-coat and the other half is forced 
upwards by the cotyledons. Tlien the 
cotyledons come out, become green, grow 
and behave like ordinary leaves. 

Structure - and germination of 
Castor seed. — The Castor seed pre- 
sents special features both as I'egards its 
structure and the process of germination. 
The' seed-coat is thick, hard and polislied, 
and at one end of the seed is seen a spongy 
mdgrowth (caruncle). The micropyle 
is not visible as it is hidden by this 
outgrowth. After removing the seed- 
coat w(‘ hnd a mass and, if we split this 

n .A lengthwise in the ])lane of the hat side, 

Fia. 19. Pumpkin ® , 4 ., • ■ i i x i . 

we find a thin leat-hkc* structure lying 
seedhiig. , _ , 

fiat on each of , th(‘se massive parts. 

These are the cotyledons and they are connected with a very 




IG. 2v(. Front and back 
view of Castor seed. 



Fig. 21. TransverHe 
and longitudinal Kec- 
tioiiK of Castor seed. 


c 


small peg-like .structure, the axis. The part on which the 
cotyledons are lying is something new and it is called the 
endosperm. This is really food stored outside* the embryo 
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and it is intended for its use. Tlie cotyledons are 'for this 




22. The embryo of Castori^eed with the pieces of 
endosperm one on each side. 



reason thin, and they absorb the food from the endosperm. 
They remain within the- endosperm until all tli^ food store 

is exhausted and 
then they come 
out, expand and 
behavn like green 
foliage leaves. 

Structure and 
germination of 
Date and Crinum 
seeds.— The seeds 
d^cribed so far 
have all two coty- 
ledons and so they * 
are called Dicoty- 
ledonous seeds. We^ 
have also seeds 
with single cotyle- 
dons and, these are 
Monocotyledonous 
seeds. As exam- 
ples ■ of monocoty- 
ledonous seeds we 
may take uhose of 
Date and Crinum. 
The Date seed is very hard and difers in structure from the 
seeds already studied. On ®ne side runs a deep furrow from 
one end to the other, and on the other we find a shallow 
depressiois extending from one end of the^eed to about its 
middle where there is a minute pit or cavity. This hollow 


Fig-. 23, Castor seedling with the endos- 
perm removed on one side so as to 
expose the cotyledons. 
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is really the micropyie and below this lies the tiny embryo 
imbedded in the hard endosperm forming the greater part 
of the seed. If a seed is cut through both longitudinally 
and transversely so that the plane of section passes through 



Fi(j, 24. Date seed and .seedlings. 


1. Entire seed; 2. .see' 


the small pit, the endosperm forming tlu‘ bulk of the seed 
and the very tiny embryo can both be seen. Its germination 
is also very striking. As in other seeds, no^doubt, the radicle 
comes out first through the- micro'pyle. After elongating to a 
certain extent, the radicie becomes somewhat stouter and from 
the lower end a ^’oot is produced. Later on more r®ots appear 
from the lower end of the now thickened part, and in its uppe 
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portion tlirough a slit there appears a stiff growing part, which 
is made up of young leaves folded one within the other. Thus 
it is clear that the thickened part is really the primary axis, 
sheathed by the lower portion of the stalk of the single 
cotyledon. In the seed the embf'yo is very tiny and so these 
parts cannot be made out. During germination the radicle 
grows rapidly and comes out bringing with it the whole of 
the primaijy axis. (See fig. 24.) F^irther the stalk of the 
cotyledon also grows aiding the pushing out of the axis. 
The cotyledon lying in the endosperm increases in size so as 
to have increased space for absorption. The hard endosperm 
gets softened as germination progresses. The sheath enclos- 
ing' the axis and its tip lying inside constitute the cotyledon 
and its function is to absorb the food stored as endosperm. 
When the axis enclosed by the sheath or the stalk ot\ the 
cotyledon is fairly out, the plumule begins to ^row and 
comes above the ground without being injured, as the young 
leaves are folded one within the other. 

The Crinum seed differs from the Date seed in its size, 
shape and consistency of the endosperm. This is larger, 
irregular in shape, devoid of seed coat and tjie endosperm 
is not so hard. The embryo is small and lies embedded in the 
endosperm. There is close resemblance between these two 
seeds in the matter of germination. The emergence anj^. 
growth of parts of the embryo me similar in all essential 
respects. 

Structure of Maize and other grains.— The Maize 
grain may be considered next. It is a single-seeded “ fruit " 
and not a seed. The embryo lies on one side of the grain, 
and it may be exposed completely by the removal of ' the 
thin skin. The embryo consists of a straight cylindrical 
axis (the primary axis) and a single cotyledon 'in the form 
of a shield folded over the axis. The primary axis is attached 

• at its back to the cotyledon. The plumule is towwis the 
broader end of the grain and the radicle is on the lower 
narrow side. The free end of the radicle is covered by a 

• special sheath, the root-sheath. The cotyledon or the 
scutelltim as; it is called, is never freely expanded, and one 
surface of it lies in close contact with the endosperm and, 
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therefore, acts as an absorbing organ. During germination 
the radicle comes out first, breaking through the root-sheath, 
and grows downward, while the plumule with its succession 
of unsheathing leaves goes upward. , 

As further examples *we may examine the grains of 
Cholam, Cumbu and Paddy. In all these cases the greater 
portion of the grain is occupied by the endosperm and the 



Fig. 25. The Maize 
gi-aiiiandits struc- 
ture. a, piumuie : 

radicle ; c, root • 
sheath; d, adventi- 
tious roots. X 4 



FKo 2(). Longitudinal sec- 
tion of a grain of Cholam. 
«, style scar ; h, plumule ; 
c, radicle ; il root-sheath. 
X 15. 


embryo occupies comparatively a very small space. Though 
smaller in* si«e and different in shape, these are like the 
Maize in -structure and in the method of germination. 

Epigeal and hypogeal seedlings.— The emergence of 
the seedling from the soil is an interesting process. In the 
case^of the’Dolichos seedling, as well as in seedlings whose 
cotyledons come up into the air (and hence called epigeal), 
the part of the axis lying below the attachment of the 
cotjdedons nr the hypocoty^, as it fs called, grows very 
rapidly and comes out in the form of a loop 'dragging along, 
with it the.cotyledons and the plumule. The loop being 
strong is able to pierce through the soil. After sometime the 
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cotyledons -reach the surface of the soil, and then they open 
to allow the plumule to grow. 

There are seedlings whose cotyledons always remain 
underground (hypogeal) and in such cases the' hypocotyl 
never grows ; the plumule manages to conie out of the ** 
seed-coat through a small slit at the base of the cotyledons. 



Fia. 27. Ijongitudinal section of a grain of Cumbu. 1; endosperm 
2, scutcllum or cotyledon; 3, plumule ;'4, radicle ; 5, root-cap ; 
6, root-sbeath, x 21). 



28. Longitudinal section 
of a Paddy grain. Cr, glumes ; 
P, palea ; En, endosperm ; Sc, 
acutellum; PZ, plumule; Ra, 
radicle. X 5. 





Fro. 29. Maize seedling, 
m, membrane covering 
the embryo consisting 
of' pericarp and seed- 
coats ; f), plumule ; r, 
■ root ; root*sheath 
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(See tigs. 17 and 18.) As the plumule has to push aside the 
soil particles and small stones, its free end is pointed. 

Seedlings of Maize and other grains.-- The seedlings 
of Maize and other gi*ains inej^rtioned already and those of 
Crinum^behave in a manner somewhat similar to that of the 



Fio. 50. Maize Needling. 
f. root ; r..s', root-sheath ; 
m, membrane ; a. r, ad- 
vptitious-roots ; jj, plu- 
mule. 


hypogeal seedlings. The cotyledon 
in all these never leaves the seed, 
a^id the ]3liimiile grows out ffusliing 
the soil, and this is the reason why 
the free end of the plumule is 
])ointed. The radicle grows out 
and the first root ])nrsts the root- 
sheath and grows downward. New 
roots arise from the axis and they 
grow vigorously bursting through 
the root-sheath and very soon attain 
the size of the first formed root. In 
the case of the seedlings of Dolicdios, 
Castor and other seeds that ))avt‘ 
two cotyledons, all the roots aris(‘ 
from the first forme<l root and non(‘ 
from the axis. Roots arising from 
the axis and not thus^ confined to 
the first root are called adventitious 
roots. Bo the roots of the seedling 


of Maize, and other grains are adventitious. * New roots 



Fia. 51. Crinum seedlings, a, seed ; 6, radicle; c, stalk of the 
cotyledon ; d, plumule ; c, endosperm ; /, cotyledon. 
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make their appearance even in the seed stage in the case of 
the Maize grain. (See fig. 25.) But in the case of the 
Dolichos seedlings and others having two cotyledons, the 
first root invariably gives rise to the whole of the root-system 
under normal conditions. 

Reserve food and structure of Cotyledons. — The 

food stored in the seed, either as endosperm or in the 
cotyledons, is mostly in the form c^' starch. If slices of 
cotyledons of dicotyledonous seeds and longitudinal sections 
of any grain are placed in an aqueous solution of iodine, 
the former become com])letely blue and in the latter the 
endosperm alone turns blue. This is the test fof starch. 
The enil)ryo in the seed or gi*ain does not turn blue, and 
so it is clear that there is no starch in it. 



Fi(r. Section of the cotyledon of Dolichos^ Labkib highly magni- 
fied (Kbout 200 times), a, empty cell ; &, cell-wall ; r, protoplasm ; 
r/, starch grains ; e, a layer of cells with dense protoplasm alone 
without starch grains. 

To make out the nature of the reserve food inateriai 
stored in the seed either in the cotyledons or as endosperm, 
it is necessary to make use of the microscope. We should 
take thin slices of the cotyledon or the endosperm and 
examine them under the microscope. On examining these 
slices it will be seen that the cotyledons and the endosperm 
consist of small compartments »f various shapes and sizes. 
These compartments are called cells. All these cells will be 
found to be full of some ellipsoidal bodies. These bodies 
are the starch grains. Some cells are likely to be free from 
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these grains, and, by examining such cells, it would become 
obYious that a cell consists of a firm cell-wall enclosing a 
cavity filled with some semi-transparent, gTanular, reticulated 
substance called protoplasm. 

The vegetable cell. — All the activities in the living orga- 
nisms that we observe are due to protoplasm, and so it is 
sometimes called the “ physical basis of life.” To make 
out the structure of a cell and its contents clearly, it would 
be better to examine under the microscope the hairs found 
on the young, tender portions of the stem of a Pumpkin plant. 



iGr. Ah Cells of -the hair of Cuemhita. a, cell-wall ;//, protoplasinic 
layer ; c. nucleus ; d, vacuole. (The hair is X 50 and the colls 
r X 300.) 

The appearance of a single hair of this plant is figured here. 
(See fig. 33.) The appearance of the pi*otoplasm varies with 
the age and -development at the ceil' The cells of the hair 
of a Cueurbita plant figured here may l)e taken as m example 
of a typical, fully grown, mature vegetable ceJL Within the 
cell, the protoplasm is in the form of a net- work. A portion 
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Of this substance remains as a continuous layer lining the 
interior of the cavity and adhering closely to the cell-wall 
without leaving any space. Several threads, some fine, others 
coarse, are stretched across in various directions from the 
layer lining the cell-wall. ' The spaces within the protoplasm 
are filled with cell-sap and 'these 'spaces are called vacuoles. 
Somewhere within the cell, either in the peripheral layer, or 
in the cavity, a somewhat rounded ^compact body will be 



Fig, 34. C^lh oi the. leaf of Valliunmaspiralh. < 7 , chlorophyll 
grain; cell-wall : n, nucleus ; Pe.l, peripl^eral layer of 
protoplasm ; protoplasmic strands ; Fa,, vacuole. X 150. 

seen. This body is called a nucleus. From the nucleus 
several strands run", to the peripheral layer. As further 
examples for cells showing the^protoplasm to the best advan- 
,tage, the staminal hairs of Cyanotis and the longitudinal 
sections ol % fresh leaf of ValUsnerm may be 

examined, (See figs, 34 and 35,) * , , 
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As has been pointed out already the major portion of the 
reserve foodstuff stored in most seeds is 
starch.^ In the seed we do not hnd stai’ch 
hi the embryo, althou^tjh there is plenty 
A I hi l^e endosperm or the cotyledons. 

I W But soon after germination we find starch 
■ hi the axis of the seedling. So it is 
evident that starch has somehow been 
# y i transported to the axis. This "substance 

L I be tmnsported as such, because it 

\ W ] I insoluble in water. Unless this is 

rendered soluble in water it cannot pass 
if into the 

I / l/\ j-ova. The protoplasm in the cells of the 
Vf i \ V cotyledons remains in a dormant eon- 

dition, until water has access to it. As 
water comes in contact with it, 
£ aA \ h' wakes and begins to show its activity. 

I I Water, as already pointed out, assists 

V j Jy the seed during germination mechani- 
eally. It also acts chemically. The fta*- 
^ ments formed in the protoplasm are at 

Fio. X). Cells of dissolved by it and then othei' sub- 
the .stamiiial naij • 

of Cyanotis. o.?/;. stances are also dissolvetl in it to facih- 

^ cell- wall ; w, nu- tate translocation to other parts of the em- 
cleu.s; peri- bryo. When once the protoplasm begins 
pheral layer of active it continues to be so without 

protopl^raic * «t<>PPinK mtil the cells become (lead, 
strand ; To, One of the results of the activity of 
vacuole. X 150. the protoplasm is the formation of a 
peculiar substance called diastase. This 
substance has the power of converting starch into a soluble 
sugar. During germination the protoplasm in the cells of 
the cotyledons produces diastase, and this acts on the starch 
grains and corrodes them' little by little converting them into 
sugar. If we examine the starch grains in the neighbourhood 
of the cotyledons in the Maisie or other''grain, we find several 
ot them corroded. (See fig. 3G.) The sugar thus formed 
from the starch by the action of diastase passes as a solution, 
from cell to cell, until it reaches the cells in places where 
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,2;Towtli is taking place. The cells in the actively growing- 
radicle and the plumule use up this sugar, to make good the 
loss due to the process of respiration. 



Fr<i. 8(). Starch grains from the endosperm of the Maize grain. 

A, etitire grains ; B, corroded grains. X 300. 

#'■ ■ 

A plant, like other living organisms, needs proteids to 
gi’ow and so, besides starch, it should be supplied with this 
substance. In all seeds, in addition to starch, there ^viH he 
found some amount of proteid stored in the fonli of small or 
large grains. In most cases it lies side by side with starch 



Fi(«. H7. Aleurone layer in the grain of Oholam. iS7, starch; ^ 
«/, alenrone layer ; testa ; nucleus ; y;, pericarp. X 150. 

as minute particles, and then it can be detected only by 
special means. Sometimes the substance is conlined to a 
special layer of cells lying outside the endosperm, especially 
in the case of grains. This layer is termed the aleurone 
layer, because the proteid masses are called aleurone grains. 

The aleurone grains are particularly striking the 
endosperm of the Castor seed. They exist as oval or round 
bodies, varying in appearance according to the medium in 
which they are mounted for observation under the microscope. 
When the section of the endosperm is mounted in oil the 
aleurone gmins appear as transparent ovate bodies J a small 
roupded hotly is seen either at one end or op’it, as shpyvn ip 
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the figure. (See the three cells to the left in fig. 38.) If 
viewed in water then within the body a crystal is seen. 
This is really the proteid. (Bee the three ceils to the right 
in fig. 38.) 



Fig. 38. Aleurone grains in the endosperm of Castor seed. 

cell-wall ; ev, protein crystal ; f/l, globoid : al.qf, alenrone grain ; 
o,g, oil globules ; Pr, protoplasm. 

The reserve food does not always take the form of starch. 
It may he stored in various forms. In the Castor seed it 
takes on the foim of an oil ; it may he stored as sugar ; and 
in rare cases it is stored even as cellulose, a substance of 
which the cell-walls are composed. This is the case in Date 
seeds. 

From the study of the structui*e of tlie seed, it is obvious 
tlifd its main function is the production of the embryo along 
with a supply of food sufiicient for the development of the 
embryo, until it is able to thrive by itself. Boon after 
maturation seeds of most plants undergo a period of rest. 
This resting condition is very essential for the i)reservation 
of the life of many seeds until favourable conditions for 
germination occur. It is also iirolyahle that ferments are 
formed in the seed during the period of rest. But sooner or 
later the embryo must come out of the see<l in order to 
becomti estalilished as a plant. Examples of seeds gerniinatr 
ing while still on the parent idant are not wanting. In 
many of the cereals very often during wet weather seeds 
germinate while still in the earhemls. V e!*y often we find 
within the fruits of Papaya seeds in advanced stjiges of 
germination. Jn some trees flourishing in regions of heavy 
rainfall seeds germinate, while in ' the fruit either when the 
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fruit is about to fall or immediately after its fall. The seed 
of Hopea. pa^^viflora is of this kind. In Rhizophora and 
some other mangrove plants the whole of the period of 
germination is passed on the parent plant without separating 
from it. The seed of RJiizopho'tri mucronata gei’minates in 
the fruit and the seedling does not fall down until it has 
attained a fairly large size. When the radicle has grown to 
the size of a large cigar and roots have sprung from its end, 
the seedling drops into the slush. 

A. seed is generally considered to have germinated when 
the radicle and the plumule are out, but the process of 
germination cannot be considered to be completed. The 
process may be considered completed' when the seedling is 
able to provide for itself food. In the case of small seeds the 
reserve food would have been depleted by the time the leaves 
are able to do the work of making food. But in large -seeds 
the reserve material is abundant and more than siifficient to 
bring the offspring to a position of independence. For 
example, in the coconut and mango seeds the reserve food 
does not become exhausted for several months and until 
several leaves are formed. In these seedlings a fair amount 
of reserve food remains even after the seedhng is able to 
make its oAvn food. 
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CHAPTER TY 


THE EOOT 

One end 'of the primary axin of the embryo bears leaves, 
and it invariably grows upwards and comes above the ground, 
whereas the opposite end bears no leaves and it persistently 
goes downward into the soil. This descending part is the 
root and the ascending portion is the shoot. The first root is 
merely the extension of the lower end of the primary axis of 
the embryo plant : it very soon grows, develops branches, 

7 1 ultimately there wall be a well developed root-system. 

The uoot-systcm. — To follow^ the gradual ileveloinnent 
of the root-system, it is necessary to be constantly examining 
the root. One of the best methods of observing the gratlnal 
„ growth of the root-system is 

to sow seeds of different 
plants in a box provided with 
a sloping glass on one sidt*. 
The seeds of Dolichoi^ Lahlah, 
Castor, Maize, Groundnut 
and Bengal gram may lx* 
sown with advantage, in the 
seedling o])servatk)n box. 
The roots will grow close to 
the glass pane in the box, 
and so their growth may be 
observed with perfect ease, 
and without in the least 
affecting the roots. In the 
case of Bolichoa Lahlab seed- 
lings growing in this box 
the tap-root grows dowiiward, 
and when it is about two inches long, branches arise upon it, 
similar in all respects to the main root itself, but thinner. 
The branches grow away from the primary root almost at 
right angles to it. More branches arise, and these grow out 
obliquely from their parent roots, and tlfis process of branch- 
ing may go on until a very extensive collection of roots is ^ 
produced, which constitutes the root-system of the plant. 



Fkl a seedling observation 
box with sloping glass front. 
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The branches in the root-system normally arise in regular 
aero petal succession. That is to say, in a root the youngest 
branch will be very near the free end, and the further the 
branches are from the tip the older they will be. Generally 
branches form rows around the mother root, and in the tap- 
root of the Dolichos Lahlab seedling branches spring from it 
all round so as to form four longitudinal rows. 

In the Dolichos Lahlab seedlings, as well as in other seed- 
lings, the young tap-root and its branches are covered with 
dowfiy root-hairs at a short distance behind the young tips. 
y Differences between shoot and root. — The root- 
system differs from the shoot-system in several inspects. 
The shoot-system consists of shoots and each shoot has a 
main axis bearing two kinds of lateral members, branches 
and leaves. The root-system, on the other hand, consists 
of a tap-root bearing only lateral roots. The lattol shoot 
begins as a bud standing in the axil of a leaf, and 
the axillary bud is a superficial outgrowth from the main 
axis. Further, every main and lateral branch endsMn a bud 
at the free end. The lateral roots do not arise as buds from 



Fk!. 40. Section of a root to show the origin of lateral roots, 
fj.r, lateral root. 

the outer portion, but they spring from the deep seated parts 
of the main root and push themselves out, The free ends 
of all roots are 'covered by root-caps, 
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Although roots do not bear buds normally they develop 
adventitions buds when injured. If the old underground 
roots of a Peepul, Margosa, Ixora cocchira, or Odin a Wodier 
are severed from the main root, buds spring up from the cut 
ends of the severed pieces. These are called root-suckers. 



F IG . 41 . Root-sucker of Margosa . 

/ 

Extent of roots. — In most cases, the root consists of a 
leading tap-root bearing branches. The primary root may 
be the leading root or its place may be taken up by some 
other lateral root. The root-systems of plants vary very 
considerably in extent, and in all cases the total length of 
the roots is very much greater than what is naturally antici- 
pated. The root-system of a Paddy plant, for instance, will 
be several yards in length, when the roots are placed end to 
end.r According to the investigations of certain botanists the 
root-system of an oat plant measured 150 yards in length, 
although the spread of the root-system was only a cubic yartl 
or two. The root-system of a Pumpkin plant is said by 
Nobbe to have measured 5 kilometres (about 5,000 yards). 

The nature and extent of the root-system depends largely , 
upon its environment. The texture of the «oil and the 
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amount of moisture in it are the factors that affect the 
development of the root-system. Plants growing in a very 
compact heavy ground cannot he expected to have a very 
extensive root-system, hut in open loose sandy soil it will be 
very much larger. 

v^dventitious roots.—In young plants like those of 
Dolichos Lablab all the roots in the root-system arise from the 
tap-root and the branches connected with it, and they do not 
normally ^spring from other parts. 5, There are, however, a 
large number of plants that get their roots from parts other 

than the tap-root. For 
instance, numerous 
roots grow from the 
nodes at the base of the 
stem of the Cholam 
plant. All such roots 
are of the saiAe size and 
they are called adven- 
titious roots. All 
grasses, plants having- 
underground stems, the 
Banyan and the 
Pandanus trees have 
roots of this sort. 
Adventitious roots do 
not arise in acropet^ 
succession. They are 
best adapted to utilise 
food materials from 
the upper layers of the 
eardi, as the roots are small and equal. 

Y Functions of the root.— Plants like other living organ- 
isms must take in food to enable them to live. They get 
their nourishment, partly from the soil and partly from the 
atmosphere. The most important work the root has ti? per- 
form is the absorption of water from the soil. To enable the 
root-system to absorb water, which is one of the most import- 
ant of the food materials used by the plant, the plant should 
. be firmly fixed in the soil so that it may not be upset easily. 
This work^olanc horing it to the soil effectivelyjs also one of 



Fig. 42. Adventitious roots of 
Pei)ni>^etiim tuphokleim. 
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the functions of the root-system. All parts of "the root-system 
are concerned in the work of fixation. The tap-root gives 
support by going straight down and the lateral roots go in all 
directions around the tap-root and smaller roots also do the 
same ; even the very delicate root-hairs help the root in 
fixation. The soil particles adhere to the root-hairs so firmly 
that they constitute numerous holdfasts. 

It is easily demonstrable that the root-system is an organ 
of support. Choose two or three well grown potted plants 
of about the same heigiit. Cut through the main root of one 
Or two without in any way interfering with the other i-oots. 
This will obviously necessitate the planting of a stick or other 
supporyo keep the plants erect. For the firni anchoring of 
the plant in the soil a straight deep root is best suited. Pull- 
ing up plants having shallow root-systems is (piite eus.\% 
whereas deei)-rooted plants are very hard to pull. 

The oj:,her function of the root-system, the absorption of 
water, becomes obvious if we leave 
off watering the potted plants and 
water the plants whose tap root.s art* 
severed. In both cases h'aves drop 
off and the plants suffer. 

If the root is to do its funetiou 
properly it should grow towards and 
into the soil. The tap-root has 
always a tendency to go downwards. 
Pin to the lower side of tlie cork of 
a bottle a few seedlings in different 
directions and replace it as showm in 
the figure, after pouring some water 
into the bottle to keep the air moist. 
After a fe^v hours, the roots in all 
the seedlings will be seen growing 
downwards. Change the position of the seedlings at fre(iuent 
intervals and observe the roots. Even then the behaviour of 
the roots will be the same. This movement takes place under 
the influence of gravity. 

Roots are also sensitive moistuil\ When the roots in 
their downward and lateral course come to a dry region, they 
turn away from it and go towards the part of the soil where 



Fm. 43. Seedlings 
fixed to a cork with 
roots in different 
directions. 
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tliere is moisture, lii water chaiirels, taniis and wells that do 
not get dry, we generally see 
roots in abundance. These 
roots are those o£ the trees 
and shrubs growing in the 
neighbourhood. As roots are 
sensitive to water we find 
roots of plants in wells, rivers 
and channels. By a very Arraugement of pots 

simple amngement it is pos- seedlings to demonstrate 

• 1., , , ' X n . the sensitiveness of roots to 

siDle to demonstrate the sensi- moisture. 

tiveness to water exhibited by 

the roots. In a seedling pan place a small flower-piot, right in 
the middle, and sow soaked seeds in the seed pan all round the 
flower-pot at a distance of one oi* two inches. Fill the flower- 
pot with water. When the seedlings have grown w^ll and 
have produced one or two leaves, lift the flower- ■^ot and you 
will see the I'oots of the seedlings. They all come to the 
flower-pot liecause it contains water. For success in this 
experiment the seedlings should not b^‘ watered except when 
the seeds are sown, and even then very svmringi>'. 

The combined effect of gravity and moisture on the root- 
system is to make the roots branch well and go in all direc- 
tions in the soil. Plants that have long tap-roots will last a 
good while. As the roots produce branches at different 
heights, they are able to obtain water and salts at different 
levels. 

Further, roots go on growing in all directions, exploring 
very thoroughly the space traversed by them. So there is not 
much fear of the plant drying up completely, except during a 
severe drought. 

Roots in order to meet the demands of a plant for absorp- 
tion and anchorage must go deep enough and spread fai* 
enough laterally. A tree would naturally require a deeper 
and more extensive root-system than a cholam plant. ^But in 
all ordinary plants even including some trees the tendency of 
the root-system is to increase the extent laterally rather than 
downwards, because more the requisite mineral matter 
is available nearer the surface of the soil than deeper, down; 
Further the upper layers of the soil are better aerated than 
the deeper fayers. 
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The roots of most cereals do not extend to more than four 
or five feet. Some have roots with .m’eater lateral extension 
than others. In large trees such as Tamarind and the Rain 
tree the lateral roots may reach a length of 150 to 200 feet 
but the depth to which they go is never so much. The late- 
ral roots of these two trees grow along maintaining an average 
depth of not more than three or four feet. Albizzia LehbeJr 
and Acacia amhim are examples of trees whose roots go 
rather deep and sometime their tap-roots go very deep, twenty 
feet or more. 

The root must have a structure adapted for the work it 
has to do. All roots have a central region which consists of 
long, fine," hard stringy pieces. The root has not only to fix 
the plant firmly but has also to stand much pulling, when 
strong winds blow the stem on all sides. To l)e able to 
resist, the pull a hard central core is necessary. A rope 
should have a strong core, if it is to be used for resisting a 
heavy strain or a pull lengthwise. If the central portion were 


to be weak it would break. 



Fig. 46. A seedling 
with a tap-root 
covered with root- 
, hairs. Cot, coty- 
ledon; l.T, lateral 
root ; rJf, root- 
hair ;«.c, seed-6oat. 


^Internal structure of roots.— -The 
first root, as well as the lateral roots deve- 
loping later, possesses a growing root-tip. 
In all roots, whether main oi‘ lateral, 
these growing tips are smooth for a 
considerable distance. A little behind 
the growing tips, the roots are com- 
pletely covered hy ilowny root-hairs to a 
certain distance ; above this region, thest‘ 
hairs disappear and only remnants of 
dead ones are visible. The actual root- 
tip is covered by a root-cap winch con- 
sists of a number of layers of cells. In 
most cases the structure of the root- 
cap, as well as its presence, can only 
be made out with the help of the 
microscope. However, there are a few 
instances of roots j,n which the root- 
cap can easily ])e seen with the naked 
eye, as in the aerial roots of Pandanus 
and Banyan. 
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The actual tip of the root is composed of small cells, 
cubical in shape and filled -with granular protoplasm, in 
which is embedded a pretty large round body. This is the 
nucleus. Wherever we see protoplasm we expect to find this 
nucleus within it. In the cells found at the growing tips, 
the nucleus is generally more prominent than in the cells 
found elsewhere. In these tips of roots division of cells 
is always taking, place. . As the cells are always actively divid- 
ing in this part it is called the grov^'nng point of the root. 
Inasmuch as we find a group of cells all alike in form 
and doing the same kind of work, 
we may call these cells of the 
root-tip a tissue and, as it adds 
to the numher of cells, it is spoken 
of as meristem tissue. Further 
back the cells become larger in 
all directions and especially so 
in the longitudinal direction. The 
protoplasm filling the cells, instead 
of being compact, becomes some- 
what loose in structure by having 
a number of small spaces inside. 

These sjiaces are called vacuoles 
and the i)rotoplasm is said to be 
vacuolated. The root-tip, which is 
smooth and devoid of root-hairs, Pig. 46. Eoot-tip of 
really consists of the two distinct Paudanus with root-cap 
]}arts, the formative region covered The right hand 

by the root-cap and the elongating ■ 
region. 

In the formative region of the root the meristematic cells 
divide and form new cells. Of these new cells those on the 
side of the root-cap are added on to the inside of it, so that its 
thickness may be kept up in spite of its being rapidly worn 
away. Those cells that are on the other side become part of 
the elongating region. 

Ail the cells in th« elongating region grow very quickly 
in length and this zone merges imperceptibly into the 
absorptive zone. As soon as the cells attain their average 
size growth cekses in all cells except the epidermal cells. 
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These cells instead of growing lengthwise grow outwards in 
the transverse direction into root-hairs. In the root- hair zone 
the root-hairs close to the conducting region die off and new 
root-hairs arise in front, so that the root-hair region may 
retain its average area and move along with the advancing 
tip. 

The cells of the young root-tip are all living cells filled 



Fio. 47. Root-tip of Root-tip of o'jfail/ca 

SetarkL ifaliai, x oO. lughU niagiiitied. f/.p, growing 

point ; i\c, root-cap. The cells are 
all shown as empty cells without 
pr{»toplasm. X 40U. 


with protoplasm, and S(» they avi' in luanl of oxygen for 
they growth. For the admission of air spaces are formed 
between the cells. These spaces appear as < lurk st reaks under 
the miscroscope between the liiu‘S of cells.’ At first the cells 
get separated at some point, i.c., at the angles their walls make 
with each other. These small spaces become united so that 
inti‘rcellnlar passages nm among the cells of every region, 
and they aTe of different dimensions in tfiffereni areas. 
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These intercellular passages become open to the exterior in 
the upper portion of the plant. This enables the air to enter 
and circulate through the interior of the tissues. The open- 
ings existing on the bark to facilitate the entrance and the 
circi^ion of air are the lenticels. 

' otructurs and function of root-hairs. — The root-hairs 
found on the surface of the root a short distance behind the 



Fj« A photo -micrograph of the root- tip. (Prom a slide prepared 
l>y Dr. M. A. Sampathkuinarau of Bangalore.) 


root-cap are long slender out-growths of the superficial cells. 
In general, root-hairs have only an ephemeral existence. As 
the root grows, new root-hairs rise always at the same 
distance behind the root-tip. Each root-hair consists of a 
thin wall of cellulose and a protoplasmic layer, and it is 
brought into close contact with the particles of the soil, as 
it grows in amongst them. ^On coming into contact with 
the soil particles the outer part of the cell-wall becomes 
changed into a kind of mucilage. So the root-hairs adhere 
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very closely to the soil particles which are always 
surrounded by films of water. 



Fig 50. Root-hairs and their structufe. C./r, cell-wall : pi\ proto 
0 plasm ; n., nucleus ; tJl root-hair, x 400. 

Root-hairs vary in length from a fi*actimi of a iniili meter 
to about 10 inillimeters and in a square millimeter of space 
about 300 of them may develop. Although absorption of 
water usually occurs through the root-hairs, it must not ])e 
considered that these are the only organs capable of absorp- 
tion. The epidermis of the root ])emg non-cuticularized is 
permeable to water. The advantage derived from the for- 
iiiation of root-hairs is the -increase in the permeable surface. 
Root-hairs tend to increase the absorptive surface five to ten 
or twelve times. There are also .plants whose roots <lo not 
possess root-hairs and yet these absorb water. The roots of 
the coconut tree do not ordinarily bear root-hairs ami water 
is absorbed by these roots through the epidermis. The 
' groundnut plant is another example of a plant which often 
has no root- hairs in its root-system. 

Absorption of water occurs only through the root-hairs. 
The firotoplasm and the water inside the root-hair contain 
certain substances having a great affinity for water. The 
cellulose cell- wall of the root-hair is mucilaginous and 
pervious to water, so the fUms of Y'iiter adhering to the 
soil paidicles get drawn into the interior of the root-hairs. 
This absorption of water can take place only ^mder certain 
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conditions : they are access of air, a certain amount of warmth 
and of course a suitable supply of water. 

All substances that have to pass into and out of a plant 
cell must pass through both the cell- wall and the proto- 
plasmic layer. Pure water readily passes through both the 
cell-wall and protoplasm. Many substances may pass easily 
through the cell-wall, but they may not at all pass through 
the protoplasmic layer. Further the permeability of the 
protoplasm, even to any one particuim’ substance, is not the 
same at all times. 



'S 


Pru. 51. Root-hairs amidst soil particles. (Diagrammatic.) r.//, root- 
hair ; u\ film of water ; a, air space ; soil particles. ^ 

The water absorbed hy the root-hairs passes through the 
layers lying beneath the root-hair bearing layer (the pilifer- 
ous layer), and reaches the central coi*e of the root. The 
cells in the central portion of the root are modified into 
special structures (vessels), through which water will pass 
very readily. 

The transformation of the cells into vessels specially 
adapted for conducting the water absorbed begins i|^ the 
central portion of the root. In older roots, root-hairs are 
absent and the conducting tissue (vessels) will be abundant 
and so the older portjons of roots have to be considered as 
mere conducting portions. ■ 

To understand the structure of roots and its adaptation to 
the functions? it is necessary to examine roots at different. 
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heights. As types the roots of Bengal gram, Castor, Ciicurbita, 
Benincasa, Colocasia, Onion, Cholam and Musa, may be 
examined. The growing regions of roots possess more or less 
the same kind of structure in all flowering plants. But in the 
absorbing regions there are differences in structure, and in 
the conducting regions these differences become still more 
marked. 



P'lG. 5:i. Vessels with different kinds of thickenings. <(, annular 
vessel ; h and c\ spiral vessels ; d, reticiilateil vessel ; e, pitted 
vessel. X 400. 

In the roots of plants like Cicer, the tissut^s through which 
absorbed water is conducted forms a hard central cylinder 
surrounded by several layers of cells with thin walls, and 
this portion of the root is called the cortex. The cells in tlu‘ 
central portion of the roots increase in number and some of 
these cells become changed into vessels which arrange them- 
selves in definite groups. These groups run longitpdinaliy 
and are called vascular strands or vascular bundles. 

The structural elements of the vascular bundle.— 

These bundles consist of various elements. Some are narrow 
or wide tubes called vessels and others are thick-walled, 
elongated or siiort cells. The vessels are formed from 
the fr^sion of the superposed cells ; the ti'ansverse septa 
of these cells are absorbed and the thin eeH-walls become 
thickened by the addition of some substance in the form of 
layers on their inner surface. The thickening never takes 
place uniformly. In a great inalfy vessels the thickening 
takes place all over the wall, leaving certain thinner places 
which we maj' call pits or pores, The thiekfening may 
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take the form ol a network and in a few vessels the thickened 
parts are like the rungs of a ladder. There are also vessels 
with the thickened part in the form of a spiral or isolated 
rings. Names are given to these vessels according to the 
imtuT*e of the thickening. If the thickening is very pro- 
nounced with only a few places not thickened, the 'vessels 
are called pitted vessels, as the thin areas look like so.many 
pits. The vessels with reticulate thickenings are called 
reticulate^ vessels. Those with Hdder-like thickenings 
go by the name of scalariform vessels ; when the thicken- 
ing is spiral the vessel is a spiral one, and if annular it is an 
annular vessel. In a vascular bundle all or some of these 
kinds of vessels are found and they are all held together by 
certain fibrous elements which run between them. 

If we take the function of the root into consideration we 
may easily distinguish three distinct zones or regions in the 
root. They are the extreme tip, the root-hair bearing region 
and the conducting part. The root-tip is covered at the end 
by the root-cap, and this is the region where cell division is 
going on rapidly and also the elongation of the cells. This 
is succeeded by the zone of the root-hairs, which is the part 
whose main work is absorption of water. All these regions 
are not sharply marked off one from the other, but the one 
runs imperceptibly into the other. In the second absorptive 
region the beginnings of conductive tissue may also be seen. 
Lastly comes the conductive region which is really the fully 
developed portion of the root. 

The structure of Cicer root. — We shall now consider 
in detail the structure of the roots of some of the 
plants already mentioned. Let us first study the root of 
Gicer aHetiuum. A transverse section of this root taken 
through the gi’owing tip will reveal under the microscope 
two distinct regions, the central core of cells in which the 
cells are small, though of different shapes, and the bj^oad 
outer cylinder enclosing the central core. The outer 
cylinder, consisting of uniform cells all thin walled and in 
several layers, constitiites the cortex. The central core of 
tissue is called the stele. In th^ growing region of the tip of 
the root the cells in the stele will be remarkably uniform. 
In the upper p.rt a few cells may be elongated, - 
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In a section taken through the part where the root-hairs 
are developed, the stele will show some amount of differentia- 
tion. The outermost layer of the cortex gives rise to the 
root-hairs and so, that layer is called the piliferous layer. 



FiO. 53. Transverse section of a very young root of CVfrr (tnpffunnu 
^ The contiimous layer of small cells in the form of a ring is 
the eudodermis, and the four groups of thick-walled cells are. 
protoxylem groups. X 200. 

All the cells contain protoplasm, except a few thick 
walled ones which are really the cut ends of ve.ssels. Tiu‘se 
vessels are confined to the stele and in it they are grouped 
together in a definite manner. Within the stele we see in 
the transverse section four distinct groups of thick- walled 
vessels at equal distances from one another. (Hee fig. 5.1) 
Of the vessels of these rows, those lying at the periphery of 
the stele and towards the cortex are smaller and they get 
gradually larger and larger towards the centre of the stele. 
From this it is clear that the old vessels are towards the 
periphery and the new towards the centre of the stele. In 
other words, -the development of vessels in this ease is from 
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the circumference towards the centre. This kind of 
development is said to be centripetal. 

The structure of the same root, in a little older portion 
will be slightly different. The cortex will be quite distinct 
from the stele or the central cylinder (also called the vascular 
cylinder, because the vessels appear only within the stele). 
The innermost layer of cells in the cortex becomes very 
well marked, and it is termed the eij^dodcrmis. On the 



Fig. 54. Transverse section of a very young root of Cher ariethium 
a little older than in fig. 5.B. 1, protoxylem ; 2, phloem ; 3, 
cambium ; 4, pericycle. X 200. 

radial walls of the cells of the endodermis are present small 
spots, and these are called Casparian spots. The presence 
of these dots is a general feature of the endodermis. Every- 
thing enclosed by the endodermis forms the stele. Within 
the stele will be seen the four groups of vessels, which have 
increased in amount, and have by now all met in the centre 
(see fig. 54). Alternating with these four groups of vessels, 
which are called xylem groups, »there exist four masses of 
thick-walled cells in the stele, though very close to the cortex. 
These thick-wal|,ed cells are really elongated structures and 
they are called fibres or sclerenchyma, Close to the fibre 
4 
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gi'oups and within the stele we ' see a few cells irregularly 
arranged, and varying in size. Some of these are really 
thin-walled vessels having at intervals perforated transverse 
partitions. On account of these sieve-like partitions these 
vessels are called sieve tubes. As a large number of sieve- 
tubes are found together in groups in definite situations, 
these groups are called the phloem. Close to the phloem 
we generally find fil^re groups. In the stele the peripheral 
portion lying in cdose contact wifh tlie endodermis and 
outside the fibre groups is called the pericygle, This layer 



Ftu. 55. Transverse section of Cicer roof (hler fhan in 
fig. 54. X no. 

is a very important layer in the case of the root, and it con- 
sists of a single layer of cells, though it may have in certain 
places more than one layer. Between the xylem and the 
phloem groups there are one or two layers of cells quite 
regular in arrangement, full of protoplasm, hroadei* than long 
and standing out very distinctly. These are cells undergoing 
division, i.e., they are meristematic cells. Such tneristematie 
cells as these are also found oh the outsi<le edge of the xylem 
groups, and they are derived from the perieycle, These 
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groups of meristematic cells become extended and so we see a 
continuous ring of meristem. This wavy ring is called the 

cambium ring. 

The function of the cambium ring is to produce cells, 
both inside (towards the xylem) and outside (towards the 
phloem). These cells become gradually transformed into 
xylem elements or phloem elemeiits, according to their posi- 
tion. The vessels and cells that a|e brought into existence 



Pro* 5(). ■ Transverse 'section of the root, of, Ciflr uriefhmw, a 
! later than in fig. 55. X 150. 

by the cambium ring must be differentiated from the vessels 
in existence ]>rior to the foiunation of the cambium ring. 
All the tissues derived from the original meidsten tissue of 
the gi'owing points are called primary, and so the xylem and 
the phloem formetl in the root before the establishml^nt of 
the cambium ring are primary. The cambium itself is 
newly produced, by the activity of the mature cells that 
have become permarfent ; and ho this is secondary meristem 
ami not primary. All the tissues originating from the 
camhial activity should, be called secondary. Hence the 
xylem formed by the cambium is secondary xylem or wood, 
and the phloem is secondary phloem, The development of 
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the secondary xylem in the root is from the centre towards 
the periphery, i.e., centrifugal. 

In older portions of 
si.p I'oots the canihimn as- 

sumes the form of a 
regular ring and it is a 
hollow cylinder enclos- 
ing a mass of xylem both 
primary and secondary. 
The phloem lies outside 
the cambium ring. It is 
surrounded by the cortex 
which may be decaying. 
Very soon the cortex 
wears out, and its place is 
taken by layers of special 
cells called cork cells 
derived from a cork cam- 


bium, arising from the 
pericycle. 

From what has been 
said above, it is obvious 
that a transverse section 


Fior 57. Sieve-tubes in longitudinal of an old root should 
section. {OuourUta maximd stem.) differ from that of a 


iS/.f, sieve-tube ; N/.p. sieve plate ; 
Cal, callus, C.C, compjinion cell. 


young root very much in 
its structure. The cortex 


with its piliferous 
layer sloughs off 
in the older roots, 
and the function 
of protection is 
then assumed by 
the cork layers 
formed by the cork 
cambium, arising 
from the pericycle. 
The secondary 
phlogm will be in- 
the form of a ring, 



Fig. 58. Sieve-tube, transverse section 
{Cucurbita mmhm stem.) C.C, companion 
cell ; Sip, sieve-plate. X 500. 
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Fia.59. Transverse section of the root of Beninoam cerlfera. 
Ca, cambium 5 Pf. ;/?, protozylem j ?/«, phloem, x 200. 



fm. 60. Transverse section of the root of Aradih hypogam. Note 
the fotir groups of protoxylem, the four groups of secondary 
xylem and the cambium. X 250. 
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altlioiigli often iiiteiTiipted by continuous layers of uniform 
cells called medullary rays. The masses of primary 
phloem generally get pressed out of shape. 

Ill all essential respects, the roots of dicotyledonous plants 
resemble the Cicer root so far as structure is concerned. The 
roots of iSenhanid (jrandi fiord, Arachls hypogcm, AJbizzia. 
LebbeJi' and Bentnam rerifera ai*e similar to the Cicer root 
in having four protoxylt^ii groups. 



Fjg. (U. Tninsvurse section of Ihe root of Castor io sliow the proto- 
xyltnii and secondary xylein. Co, CHiiibiiim ; ^ Ok cortex ; 
en, cndoderniis ; Pli, phloem ; primary xylcm ; secondary 

Y iOir 

However, in tlie matter of protoxylem groups, dicotyle- 
donous roots vary. Instead of four gi'oups, there may be 
two, three, six or more. But the number of xylein groups is 
never very large. -The root ot Cucurhita maxmu, and the 
aerial root of the Banyan have six protoxylem groups ; in the 
root of the IMish and Mustard plants we find only two of 
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these. In the root of the Castor plant there are four, five or 
six protoxylem groups. 



JiOt fi2. Iransverse section of an old root of AlbUzla LehbeJi:. 
Pr. primary xylcm ; Se. ,nj. secondary xylein. K 100. 



Fig. Transverse section of a very young root of a Cucurbita. 

1, protoxylem : % protophlofni. X 100. 

After tht‘ forinaiion of the ciunbiiim ring the seco'Adary 
wood is formed, and after a time both become quite continu- 
ous ; so that in an old root the protoxylem (i.e., the primary 
xylem) cannot be ina*de out except in the earlier stages or in 
exceptional cases. 

Structure of monocotyledonous roots, —Monocotyled- 
onous roots do not differ from the dicotyledonous roots, so 
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far as the structure of the growing point is concerned. But 
in the absorbing and the conducting regions, there are some 
differences in structure. As an example of a monocotyled- 
onous root we may examine the root of Gohcmia Anticimi imu 
If we examine a transverse section of this root we find the 
stele and the cortex very well differentiated, as the endo- 
dermis is very distinct. Within the stele there are a number 
(varying from nine to eleven) of protoxylem groups alternat- 
ing with as many phloem masses. The pericycle is also very 
clearly seen. The cells of the endodermis have their lateral 
walls (and sometimes even their inner walls) thickened. All 
monoc^tyledonous roots have more or less the same structure. 



Fig. 64. Transverse section of the root of Colocasia showing the stele 
^ and the cortex. Note the nine protoxylem groups. X 75. 

Within the stele, only the xylem and the phlo§m groups 
are formed, and no cambium arises, as in the case of the 
dicotyledonous root. The development of protoxylem is 
centripetal* The cortex persists in the case of the mono- 
cotyleclonoug type of root, and some of the peripheral 
layers may also become thickened* This part is termed 
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cxodermis, and it may consist of only a single layer of cells, 
as in the root of Paddy or, it may have more than one, as in 
the case of the Cholam root. 

Structure of the roots of Musa, Andropogon and 
Allium- — As further examples of the monocotyledonous roots 
we may examine those of the Onion, Andropogon Sorghum 
and Musa paradisiaca. 

In the Musa root the endoderm^s is a very striking layer, 
on account of the great thickening of the inner wall of its 



PiCf. 65. Transverse section of Colocasia root showing the stele and 
the endodermis. 1, endodermis ; 2, pericycle ; 3, protoxylem 
4, phloem. X 150. 

cells. Close to this is seen the pericycle, and the stele is 
somewhat different in structure from that in the Colocasia 
root. There are more than thirty groups of prot(^ylem 
alternating with as many phloem groups. The central 
portion of the stele is occupied hy numerous xylem vessels, 
and there are also phloem groups irregularly disposed 
amidst the xylem. The cortex presents no special features, 
except the very regular arrangement'of the cells with uniform 
intercellulaB spaces. Another marked feature is the lignifi^ 
cation of the walls of all the cells within the stele except 
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the elements of the phloem. The exodemiis is not so well 
developed in this root. 



The root the Onion plant presents a nsnch simpler 
structure. The cortex is generally very broad and the ‘stele 
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is compHrafcively very small. Witliiii the stele there are only 
five to seven protoxylem groups. The endodermis is well 
seen on account of the thickening of the lateral and the 
inner walls of its cells. Below this layer is seen another 
layer, which is the pericycle. 



Fiu . 68. Transverse section of a root of the Onion plant. En^ endo- 
derniis ; Pe., pericycle ; P.r, protoxylem; P/<, phloem. X 200. 

The root of the Cholam plant though of the monocotyled- 
onous type difers from the Colocasia and Musa roots in 



Fig, 60, Transverse section of a root of Aklropogon Sorghum, X 25, 
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certain respects.'" Below tlie piliferous layer we see in this 
root a few layers of cells with very thick walls, and this is 
the exodcrmis. (See fig. 70.) In roots that are aerial the 
exodermis is very well developed, and the reason for this will 
become obvious after the study of the structure of the 
Stem. The endodermis is similar to that of tlie iMusa root. 
There are very many protoxylein groups, the number being 
sometimes over forty Generally the pith consists of uniform 
cells. The pericycle*' is very well defined and lies imme-. 
diateiy beneath the endodermis. 



FiCt. 70. Transverse view of a portion of the cortex of Cholani root, 
r./i, root-hair ; pd, piliferous layer ; ra*, exodermis ; eu, cortex. 
X 150. 

In the case of roots the pcricycde is a very important 
layer, because, in both dicotyledons and monocotyledons, th(‘ 
lateral roots arise from it just close to the protoxylem. In 
dicotyledonous roots, there will be as many longitudinal rows 
of lateral roots as there are protoxylem groups. For instance, 
wo see in the tap-root of the Dolichos seedling four 
longitudinal rows of lateral roots, and the protoxylein groups 
are usually four- in this root. The root of the Radish has 
only two protoxylem groups, and hence we see in it only 
two longitudinal rows of lateral roots. 

Adaptation of structure to function in roots.— -Having 
now learnt the structure of* roots, we shall* next study how 
far the structure is adapted for the function the roots have to 
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perform. Considering the absorptive work of the roots, it is 
obvious that roots should grow in length, otherwise the roots 
may not get water to absorb. The part of the root that is 
best adapted for this gTOwth is certainly the free tip or end 
of the root. Other parts, the root-hair bearing region and the 
conducting regions are most unsuited to bring about the 



Fi({. 71. Transverse view of a portion of the stele of Cholain root. 

(U), cortex; en, endodermis; ph, phloem; pr, primary xylem 
xylem vessel ; pe, pericycle. X 150. 

growth in length. Should these parts grow the root-hairs 
will be damaged very much. The naked tips are very 
dedicate and need protection, and this is afforded ])y the root- 
caps. As the root-cap wears out at the outside, fresh layers 
are added on from the inside. 

The growing tip is responsive to its surroundings and so 
when it meets with any obstruction, it turns aside and passes 
along the course of least resistance. The main work of the 
root-tip is to produce more cells and thus bring about elonga- 
tion. There are really two portions in the root-tip, the 
extreme end or the formative region where the cells are 
always actively dividing and the elongating region in which 
the cells becomS gradually elongated. 
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While the young root-tips are finding their way and 
moving onwards- by elongation amongst the soil particles, 
root-hairs appear on them, always a short distance back of 
the tip .'and keeping pace with it, as it advances in growth, 
and gradually dying off on the older portions. Thus the 
root7hairs are continually brought into the new parts of soil, 
where fresh supplies of the material are to be obtained. 
Root-hairs do not appear in the two regions of the growing- 
tip. If they appear it is a sure indication that growth in 
length has practically ceased. As already pointed out, if the 
root-hairs were to appear in the part undergoing elongation, 
they ara sure to be crushed and their efficiency would be 
impaired. 

The root-tips elongate and pierce the soil with consider- 
able force. The older parts of the roots are firmly fixed to the 
soil by tlieir branches and root-hairs. The free tip moves 
onwards both by addition of new cells and the elongation of 
already existing cells. Division of cells is confined to the 
very apex of the root-tip, while the elongation is confined 
to a very short region and lies very close to the free apex. 
Thus it will be seen that the movement of the fret‘ apex and 
the direction of the application of the force are in thi‘ same 
straight line. Evidently this arrangement is a mechanical 
^advantage. In driving a nail into a wall we find that a short 
one is driven in with ease whereas a long one cannot be 
driven straight and very often becomes bent. 

The second region of the root is the absorbing region. 
Here the root-hairs are well developed from the outermost 
layer of the cortex. The cells of the cortex, lying below 
the piliferous layer become larger, and this is what is best 
for the storage of water. As the absorption increases, the 
pressure in the cells of the cortex will also inereast*. Fhit 
thi^ increase of pressure is not allowed t(» go on indefinitely. 
The conducting tissue draws away water from the cortex 
and this leads to the diminution of preSvSure. As root-hairs 
are developed all round the^root, water must of necessity he 
stored in the cortex. Simultaneously witl\ the development 
of root-hairs outside, vessels make their appearance in the 
stele, The xylem tissue (or the vessels) in the stele conducts 
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the water very quickly and thus the pressure in the cortex 
is very soon lessened. 

The life of the root-hairs is generally very short. They 
are active from a few days to two or three weeks. We already 
know that these are the organs directly concerned in the 
absorption of water. The very small quantities of water exist- 
ing in the form of films around the soil particles find their 
way into the interior of the roo^hairs. The protoplasm 
within the root-hair seems to seei'ete certain substances that 
.have a great affinity for water, and so the water gets into the 
root-hair. The root-hairs tend to increase the surface for 
absorption very considerably. 

The older portions of the root are purely condiicting , 
regions. The root-hairs are in such parts decayed and the 
cells of the cortex become dead. In the dicotyledonous roots 
the cortex, as has already been said, sloughs f>ff and the 
necessary protection is given by the cork layers derived from 
the pericycle. In monocotyledonous roots on the other 
hand, the cortex persists, though the cells cease to be living. 
The cortex is needed to afford protection to the structures 
inside. 

''^Modifications in roots.—Tlie root of a large tree must 
be extensive and capable of increasing in thickness. A 
large tree possesses ' a very stout trunk which may he%Y 
several very stout branches; and then the trunk needs 
propping lip on all sides. Many of the roots at the base 
of the trunk become very much developed and look like 
so many buttresses to support the trunk. Often trees happen 
to grow in odd out-of-the-way places and even then the 
root-system adapts itself very well. For instance, a tree 
whose photograph is reproduced in fig. 72 was growing 
on a fort wall and the roots had to adapt themselves to their 
new situation and they have done it admirably, as iray be 
seen in the figure. 

So far we have been dealing only with normal roots of 
land plants. And the functipns of these are only fixation 
and absorption of water. Roots have sometimes to perform 
other duties besides these. In the case of plants such as 
g^yeet Potato, Radish, Carrot and Turnips the roots are 
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first normal and they do the nsnal duty. when they are yonng 



Fig. 72. A Peepul tree with its roots on the face 
of a fort wall . 


But, as' soon as they grow, bigger, the roots begin to swell 



and increase, in size. This is because the roots become the 
reservoirs for the storage of reserve material. 

Alf normal roots are underground. There are, however, 
many plants in which they are not undergi*oiind. For 
instance, in Pandahus, Banyan and Cholain plants there are 
roots that remain in the air for long tinid, although they also 
penetrate into the soil afterwards. Such roots prop up the 
plants after entering the ground. When once they get into 
the soil, these roots also behave like ordinary roots. 



THE ROOT 


65 



Fk}. 74. The aerial roots of Pandanus. 

The Banyan tree is an interesting one in many ways. 
Resides having the well-known aerial roots, it is sometimes 



Fia. 75. The aerial roots of the Banyan tre§ 

5 
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epipliytic in tho seedliiLi? stage, especially when tlie seetls fall 
on other trees. We often see Banyan seedlings on Palni>'ra 
trunks. They grow in this position, and the roots encircling 
the stem and then gradually going downward get into the soil 
In some climbers such as the Pepper and Potlm scandetiR 
we tind aerial roots at the nodes and these help the stem to 
cling on to the bark of the trees on which these grow. (See 
tig. 77.) 



We have a large number of plants mostly of the family 
Orcliidea) whose i*oots remain in the air without ever getting 
into the soil. All such plants aiT calledcpiphytes. The roots 
of epiphytes are specially adapted to obtain water and salts 
mostly from the atmosphere. The aerial roots of these plants 
have a few "of the peripheral layers of the cortex nnodihed 
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into a kind of Hpon^'y tissue, called the velamen, so as to 
enal>le tlie root to got ^vater from the air. The orchid VaNda 
Etkrhiirghii (see fig. 7<S) is a good example of an epiphyte. 



Fkk 77. Aerial roots of Pepper vine. 



Fif;.7k Tmuh BosibnrgW fan epiphytic orchid). 

The root-.Hy.sfems of the family Leguminosse are specially 
interesting. In all plants of this'^orJerT^e^ develop 

r>-A 
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special bodies varying in shape and size, and these are called 
bacterial nodules., They are called so, because they are 
brought into existence by ])acteria. These nodules have the 
power of using the nitrogen of the atmosphere and thus lead 
to an increase of nitrogen in the soil. 



Fig. 70. The breathing roots or pnciinuitophnreH of 
Aviceniiia. 


Plants growing in salt mm'shes have their roots in the mire. 
So the root-system cannot obtain sutficient tiuantities of 
oxygen for respiration unless thera is some special adaptation. 
The roots of these plants send up into the 'air special roots 
possessing a hole at the top to allow air to get into the 
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1‘oot-system. These are called breathing roots or pncumato- 
phorcs or pneumathodes. 

Lastly we should mention the modified roots of parasitic 
plants, such as the Loranthus and the Yiscums. These 
parasitic plants grow on the branches of other plants, sending 
their modified roots (haustoria) into the interior of the 
branches of their host plants. Complete fusion takes place 
between the xylem of the haustoria and that of the host 
plant. Some parasitic plants attach themselves to the roots 
of their host plants, instead of the stem or branches. Striga 
liitea and the Sandal wood tree ai‘e well-known parasites. 
Both these plants do not look like parasites, because the 
haustoria are attached to the roots of the host plants that are 
underground. 



Fig. 80. The breathing roots of ALviceniiia. 

A very remarkable root pai*asite thrives in the island of 
Sumatra. It consists of only a gigantic flower attached to 
the root of vines. When in full bloom the flower is said to be 
about a metre in diameter and many pounds in weight. 



7 % MANUAL OF ELEMENTARY BOTANY 

OlIAPTEE Y 

THE SHOOT 

From tke study of seeds and seedlings we have learnt 
that the embryo plant consists of a primary axis and cotyle- 
dons and that the former grows into a seedling. The primary 
axis invariably emerges out of the soil, at first as a loop, 
and then erecting itself grows and produces green leaves. 
Further the plumule, which in the seedling develops into an 
axis bearing green leaves, will always go straight up seeking 
air and “light. We speak of the aerial portion of a plant Rs 
the shoot and in the case of a seedling the shoot consists of 
only a few leaves and an axis. 

The shoot-system. — By closely looking at the branches 
and twigs of any common tree we find that these grow out 
into the air, so as to get plenty of air and sufficient light. 
The parts of the shoot-system need air and light to discharge 
their functions and, therefore, stems and branches grow 
towards the light. All green plants possess the power of 
adjusting their branches to light. That the shoot of a young 
plant has a perception of the direction may easily be 
demonstrated. If a flower-pot in which seedlings are grow- 
ing be placed on its side, so as to have the axis of the 
seedling parallel to the ground, the shoot will begin to curve 
upward somewhere near the young tip, and in about an hour 
or two there will be a distinct curvature and the shoot will 
assume, an erect posture by bending at right angles to the 
ground. The upright position of the stem is after all the 
most advantageous one for the plant and so the shoots of all 
green plants assume this position. 

The plumule, which develops into the primary shoot in a 
seedling, is only a bud occupying the free end of the primary 
axis. We cannot make out its structure at the earlier stages 
of its development. But, as soon as it begins to grow in 
length, it becomes apparent that it is only a short stem hidden 
by fa number of enfolding leaves. Gradually the stem 
elongates, the nodes become separated from one another and 
the leaves also, which are crowded upon it at first, become 
separated. The leaves develop in acropetal succession, 
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All plants begin their lives with a single stem and after- 
wards branches grow out from the axils of leaves. Branches 
behave like the main stem, in the matter of producing 
branches. So the shoot-system of a plant or a tree is merely 
a repetition of the stem from which it arises, and it consists 
of a number of branches, and every one of them consists 
of an axis, and the leaves and flowers borne by it. The 
axis is divisible into nodes and interi^-odes, and it terminates 
in a bud. All growing normal branches have buds, at their 
free ends. If the apex of a branch ceases to be active, on 
account of unfavourable conditions, the terminal bud assumes 
the form of a resting bud and becomes prominent as in 
Mango, Cinnamomum, Rhododendron and Mahogany. 

In addition to the terminal bud, every branch possesses 
also axillary buds. In a branch all the leaves have axillary 
buds, and so there will be as many buds on it as there are 
leaves. Generally these buds do not arise from the axils of 
cotyledons, but even this is not without an exception. Buds 
develop from the axils of the cotyledons in the Ground-nut 
plant (A mcliis Jiypogcea) and in Gicer arietinum. 

When the plumule is injured while still very young 
axillary buds sometimes grow out from the axils of the 
cotyledons as iii the case of the Mango and a few leguminous 
seeds ( Oanavalia ensiformis). ^ 

Although buds normally arise from the axils of leaves 
and from the tips of branches there are instances of buds 
forming on callus when stems are cut and also on leaves. 
(See fig. 333). Such buds are called adventitious buds. 
From old parts .of stems very often branches arise and these 
are from buds lying buried deep in the stem. These are 
known as dormant bnds. Resting buds such as those of, 
Rhododendron with prominent scale-leaves are called scaly 
buds. (See flg. 84.) 

The primary shoot, in virtue of its having axillary buds, is 
capable of producing a large number of twigs. So the young 
branches increase rapidly causing the formation of a large 
shoot-system, which constitutes the body of a shrub or the 
head of a tree, The branching and the general shape of the 
head of a tree is sometimes quite characteristic of the species 
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ClIAPTEK Y 

THE SHOOT 

Feom the study of seeds and seedlings we have learnt 
that the embryo plant consists of a primary axis and cotyle- 
dons and that the former grows into a seedling. The primary 
axis invariably emerges out of the soil, at first as a loop, 
and then erecting itself grows and produces green leaves. 
Further the plumule, which in the seedling develops into an 
axis bearing green leaves, will always go straight up seeking 
air anddight. We speak of the aerial portion of a plant Bs 
the shoot and in the case of a seedling the shoot consists of 
only a few leaves and an axis. 

The shoot-system.—By closely looking at the branches 
and twigs of any common tree we find that these grow out 
into the air, so as to get plenty of air and sufficient light. 
The parts of the shoot-system need air and light to dischai'ge 
their functions and, therefore, stems and branches grow 
towards the light. All green plants possess the power of 
adjusting their branches to light. That the shoot of a young- 
plant has a perception of the direction may easily be 
demonstrated. If a flower-pot in which seedlings are grow- 
ing be placed on its side, so as to have the axis of the 
’'seedling parallel to the ground, the shoot will begin to curve 
upward somewhere near the young tip, and in about an hour 
or two there will be a distinct curvature and the shoot will 
assume, an erect posture by bending at right angles to the 
ground. The upright position of the stem is after all the 
most advantageous one for the plant and so the shoots of all 
green plants assume this position. 

The plumule, which develops into the primary shoot in a 
seedling, is only a bud occupying the free end of the primary 
axis. We cannot make out its structure at the earlier stages 
of its development. But, as soon as it begins to ginw in 
length, it becomes apparent that it is only a short stem hidden 
by»a number of enfolding leaves. Grradually the stem 
elongates, the nodes become separated from one another and 
the leaves also, which are crowded upon it at first, become 
separated. The leaves develop in acropetal succession. 
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All plants begin their lives with a single stem and after- 
wards branches grow out from the axils of leaves. Branches 
])ehaYe like the main stem, in the matter of producing 
branches. So the shoot-system of a plant or a tree is merely 
a repetition of the stem from which it arises, and it consists 
of a number of branches, and every one of them consists 
of an axis, and the leaves and flowers borne by it. The 
axis is divisible into nodes and inter^piodes, and it terminates 
in a bud. All growing normal branches have buds, at their 
free ends. If the apex of a branch ceases to be active, on 
account of unfavourable conditions, the terminal bud assumes 
the form of a resting bud and becomes prominent as in 
Mango, Cinnamomum, Rhododendron and Mahogany. 

In addition to the terminal bud, every branch possesses 
also axillary buds. In a branch all the leaves have axillary 
buds, and so there will be as many buds on it as there are 
leaves. Generally these buds do not arise from the axils of 
cotyledons, but even this is not without an exception. Buds 
develop from the axils of the cotyledons in the Ground-nut 
plant (AracMs hypogm) zjid in Gicer arietinmi. 

When the plumule is injured while still very young 
axillary buds sometimes grow out from the axils of the 
cotyledons as iii the case of the Mango and a few leguminous 
seeds ( Cmamlia ensiformis). 

Although buds normally arise from the axils of leaves 
and from the tips of branches there are instances of buds 
forming on callus when stems are cut and also on leaves. 
(See fig. 33S). Such buds are called adventitious buds. 
From old parts .of stems very often branches arise and these 
are from budd lying buried deep in the stem. These are 
known as dormant buds. Resting buds such as those of, 
Rhododendron with prominent scale-leaves are called scaly 
buds. (See fig. 84.) 

The primary shoot, in virtue of its having axillary buds, is 
capable of producing a large number of twigs. So the young 
branches increase rapidly causing the formation of a large 
shoot-system, which constitutes the body of a shrub or the 
head of a treq;, The branching and the general shape of the 
head of a' tree is sometimes quite characteristic of the species 
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as ill Odina Wodier, AilctMus excelsa, Acacico plant from 
and tlie Kaiii Tree. 



Tia. ,84. ■ Scaly buds of Rhododeudruu. 

The bud and the branch.—A bud, terminal or axillary, 
is only an undeveloped branc-h.- It consists of a free end 
wliich is amass of meristem cells, covered by the very tender 



Fig. aS. A longitudinal section of the stem of Hippuris through the 
growing point. X .4a ;(3Prom*a' slide prepared by Dr. M. A. 
'Sampathkumaran of Bangalore.) . ... 

I ’ ' ' ' ♦ 

youn^" leaves in the course ' development. The It'aves 
ansii.«,.as protuberances from the’ surface 'of the free end, 
which is called the growing point, grow earlitn’ and faster 
than the axis so that it may have protection. (See figs, 
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autl 8().) A branch may ha^e a large number of buds, but 
only those that have the best chance grow. There are 



8(). A longitudinal section of the stem of Hippnris through the 
gi-owiiig point. X 80. (From a slide prepared by Dr. M. A. 
Bampathkumaraii of Bangalore.) 



Fig. 87. A longikidinal section of the stem of Elodea tlorough the 
growing point, x 40. (From a slide prepared by Dr. W. 
Dudgeon of Allahabad.) 
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generally more buds than there is space for, and so there will 
l3e a struggle tor existence amongst them. Those buds that 
haYe more sunlight and room than the others grow ])est. 
The terminal bud and the axillary buds towards the top of 
the branch grow better and become larger because they get 
more sunlight, air and room. 

Twigs in some cases tell the story of their own growth. 
By an examination of a twig it is possible, in many cases, to 



FiCr. 88. A longitudinal section of the stem of Elodea through the 
growing point. X 80. (From a slide prepared by Dr, W. 
Dudgeon of Allahabad.) 

determine exactly its age. It is especially easy in twigs that 
possess scaly leaves covering the bud, to determine their 
age. In such twigs, the scars of the scaly leaves are 
succeeded hy those of the foliage leaves. The twigs of 
Mango and Mahogany are good examples to illustrate this 
point. 

The primary shoot of aslant is jft first single. It may 
continue to grow and produce branches, or it may grow as a 
simple straight stem without any branches and remain so 
throughout its life. In the case of several Ipalrns^ such as 
the Coconut, Areca-nut, Palmyra and other palms, the stem is 
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single, and it bears no axillary buds. When a stem goes on 
elongating by the growth of its terminal bud for a long time 
it is said to be a branch with indefinite growth. Sooner or 



Fro. 89. Twig of Mahogany. Fto. 90, Twig of Mango, 

a, sc«ales ; h, r, scale scars u, tex’minal scaly bnd. 

h, 0 , (/, scale scars, 

lator, branches grow out from the lower axils also and these 
may be luimerons and all smaller than the main stem. This 
mode of branching of the stem is called racemose, and the 
branch whose elongation is due to the growth of the terminal 
bud is said to be a monopodial branch. 

The terminal bnd, instead of continuing the growth of 
the axis, very often ends in spines or flowers and so the 
main axis ceases to ^elongate. For instance, in the plant 
Parimi Oaranda-B . the growing point ends in two spines and 
the two axillary buds in the axils of tlie leaves immediately 
below the splines grow into branches, These also, after 
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producing two or three .pairs of leaves, end in spines and 
behave in the same manner. 

In the Cotton plant the 
flowers are opposite the leaves. 

This is so as the main axis 
ends in a flower and there is 
no growing point to continue 
the growth of the san^e axis. 

The axillary bud lying imme- 
diately below the terminal 
growing point grows and con- 
tinues the axis, by pushing 
aside the flower. So the in- 
ternodes of the flower bearing 
branch in the Cotton plant 
are not all derived from the 
same growing point. Such 
branches as these are called 
sympodial branches and the 
branching is cymosc. 

Branches of Gmm qnadmngularia bearing tendrils (clim- 
l)ing organs) may be taken as 
an example of a sympodial 
stem. Obtain some branches 
of this plant and choose two, 
one having tendrils from every 
node and an other having them 
only at som e of the nodes. I n 
a branch having tendrils fi‘oin 
every node an internod(* 
springs from between a leaf 
and a tendril. On the other 
hand in a branch without ten- 
drils at the nodes, we And a 
leaf, an axillary bud and the 
main axis, at every node. The 
axillary bud is small and it 
lies betw^een the leaf and the 
mHin axis. By comparing the tendril bearing node with one 



A, B, C, iiiteihodes ; a, c, 
flowers ; a', ?/, 6*', leaves. 



Pin. 01. A branch of 
Carafi<(as. 
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having no tendrils, it is possible to make ont the nature of the 
tendril. The tendril is found opposite the leaf and the inter- 
node lies - between it and 
the leaf. Judging from the 
relative position of parts, the 
tendril is in the position of 
the main axis, and the intei’- 
nog[e is found in the place of 
the axillary bud. In the 
Cissus branch figured here 
the internode “ B ” ■ arising 
from the axil of the first leaf 
is evidently derived from 
the axillary bud of that leaf. 
The tendril found opposite 
to this leaf is really the 
main axis which has given 
rise to tbe axillary bud, 
now grown into ah inter- 
node “ B,” the second leaf 
Fm.a3. A tendril bearing branch and the second tendril. As 
of Cium A, B. C, 

D,intemodes ; a S, c. ,7, leaves; vigorously than the 

a\ ?/, o', (I \ teudnls. . . ..... 

main axis (now a tendril^ 

it has pushed it aside. The internode “ C,” the third tendril 
and the third leaf are derived from the axillary bud of the 
second leaf. Similarly the internodes “ D ” and ‘ E ” are 
derived from two different axillary buds. ’ The axis of the 
branch is straight and consists of the several internodes A,” 
u ^ „ a ^ „ jg obvious that all these inter- 

nodes though continuous are not produced by the same 
growing point, and that each one is developed from a sepai'ate 
growing point. The internode “ A ” has an -origin diffej'ent 
from that of “ B ” or “ C ” or “ B.” The whole branch “ A ” 
to “ D ” though appearing as one continuous piece of axis 
really consists of four separate axes derived from different 
growing points. 

Modified stems,— Stems generally grow erect, hut they 
do not always.^ do so. Many plants , have very weak -stems 
and they cannot be expected to maintain an erect posture 
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without supports. Such plants if not supported must grow 
along the surface of the soil. The branches of the plants 
Gentella asmtica^ Ipoviosa remformls and Lippia m&i- 
fiora creep along the ground ; and as they do so, from their 



0. 94. Stolons of Centella asiatka. 


nodes adyentitious 
roots arise ])y 
which they get 
fixed to the soil. 
The axillary buds 
at the nodes grow 
erect producing 
leaves and bran- 
ches. These are 
capable of becom- 
ing independent 
plants, if they get 


severed. Such branches as these are called runners or 


stolons. 


Certain plants have a tendency, because of their weak 



stems, to twine them- 
selves round a sup- 
port. Several species 
of Ipomoea, Dolichon 
Lablah, Olitoria Ter- 
natea and Termrnim 
lahial/k are such 
plants. All these 
plants are called 
twiners, because their 
stems twine round a 
support. The support 
may be the stalks and 
branches of plants 
growing near. When 
the stems of climbers 
become thick and mas- 
sive, they are called 
Hanes. For instance 
the plant Oombretum 


Fio. 95, Twining stem of Dolkkosi ovalifoliwn Is SUCh a 


Lahlah, 
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Again there are certain plants like the Gourds and the 
Cucumbers that climb by means of special structures called 



FiCl. 96. Old twining stems of Coiiihretiini ovalifoUum. 

tendrils. The nature of the tendril varies with the kind 
of plant. It is a branch in Passiflora, because it springs from 



the axil of a leaf ; in the Pea plant the tendril is in the 
position of a leaflet ; it may arise from the apex of a leaf, 
6 
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as in Glonosa superha ; the flower-stalk sometimes develops 
into a tendril, as in Cardiospermnni ; in some species of 
Gncnrbita it is a stem although it may appear to he a leaf. 



Fig. 98. Tendril bearing leaves of Glorum miperha,. 

The axillary lirancdies sometimes remain short and become 
pointed at the tips instead of developing into leafy branches ; 
such Inanches are called spines or thorns. Tory often these 
spines, or arrested hiunches bear leaves and may also develo[> 
into leafy branches under exceptionally favourable conditions, 
- and especially under cultivation. 

Underground stems. — The.ve are plants in which the 
main portion of the leaf-liearing axis remains gento'ally 
underground. The hariali grass, Curcuma, Planiuin and 
Onion are familiar examples. Cyperus, OouvoIvkIhh urven- 
Aristohchia hmdeata and many other weeds have* 
perennial subterranean stems from which aerial branches 
arise year after year. Their persistency as weeds is due to 
this special feature. 

" When stems become subterranean they are ill-ada])t(‘d tor 
the display of leaves and dowers. Then they must product^ 
either leaves and flowers with stalks long enough to push 
them above the ground or aerial branches capabh^ of heaidng 
leaves and flowers. Althofigh the underground i)ortiiyn is a 
disadvantage in certain respects, it is an advantage in some 
other respects. Underground stems are less^liable to injury 
by browsing animals and they are protected from drying up, 
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in addition to their being safe places for the storage of 
reserve food. 


As underground stems 
differ considerably they are 
usually classified into 
different kinds. The 
underground branches in 
some plants hardly differ 
from the aerial ones, except 
in the loss of green colour 
and foliage leaves.. Other 
plants show distinct modifi- 
cations in their under- 
ground stems and they are 
classified as rhizomes or 
root-stocks, tubers, bulbs 
and corms. 

The underground stems 
of Oanna indica, Curcuma 
longa and Panicum repens 
grow horizontally giving 
off leafy shoots above and 
roots below. They become 
thick on account of the storage of reserve food, and elongate 
rather slowly. Such stems as these are called rhizomes. 
Sometimes they are also called root-stocks on account of 
their resemblance to I’oots. The nodes, internodes and 
axillary buds can be made out in rhizomes. Ordinarily they 
grow horizontally and do best at a certain definite depth in 
the soil. If this is changed they will go downward or grow 
upwards until the average depth is attained. This mainte- 
nance of the average level in the soil is probably advantageous, 
because greater depth is sure to interfere with the develop- 
ment of aerial shoots, while extreme shallowness would mean 
less protection. 

Rhizomes gTOW and^branch freely. In some plants as in 
turmeric, the whole of the shoot system may consist entirely 
of underground stems, or they may regularly bear aerial 
branches with foliage leaves and flowers as in the case of 
Ganna indica. The rhizome may grow in length, the apical 



Cardiospermum. 
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bud persisting' and axillary buds growing out into aerial 
brandies, or the apical bud may grow out as an aerial branch, 
the growth of the rhizome in length being continued by 
lateral buds as in Musa and Canna. The forinc'r is -of the 
nionopodial type and the latter is sympodial. 



Pice 100. Rhizome of Cnrcuma. 

Plants having rhizomes are well adapted for invading 
and taking hold of the soil already occupietl ])y other plants, 
because the rhizomes creep through the soil and occupy the 
places where seeds have absolutely no chance to spread. 

In some rhizomes it is i)ossil)le to make out the nodes, 
internodes and the axillary binls. 

Sometimes we meet with plants in which a few branchevs 
remain undergi’ound, and these instead of elongating swell 
and become thick on account of the storage of starch. In 
such branches leaves do not develop but axillary buds an* 
always present. Underground branches of this natun* are 
known as tubers. The Potato is a good example of a tuber. 
In the Potato plant, in addition to the tubers, there are also 
oriinary branches with leaves. 

In tubers and rhizomes the axis is well developeti, but the 
leaves are either absent or they are reduced to scah*“leaves. 

There are some plants in which ^the axis remains small 
without develoi)ment, but the leaves grow and become 
fleshy so as to serve as reservoirs for reserve food. This is 
exactly what happens in the case of the Onidn plant. If we 
cut an Onion longitudinally, we find a disc-like structure 
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bearing roots below and a number of sheatbing fleshy scale 
leaves and buds above. This disc is the stem or the axis 
very much condensed, and the whole structure is called, a 
bulb. As further examples we may mention those of 
Crinum, Scilla, Urginea and Polianthes. 



The inner leaves of a bulb are either fleshy scales as in 
Onion or they are the enlarged sheathing leaf bases of 
ordinary leaves as in ’Crinum. The bulb in Polianthes is 
generally like that of Crinum or- Onion, but the axis becomes 
a large mass instead of remaining small and the scale leaves 
(leaf bases) are very few. Externally it is like a bulb and 
so such ones are sometimes called “ solid bulbs.” This is 
really an intermediate form of stem leading to what is usually 
described as a corm. 

There are a few plants in which the axis, lying at or 
below the level of the soil, swells ont into a spherical 
shape on account of the accumulation of food material. 
The leaves either become reduced or they are entirely 
absent. The underground massive part of the plant 
Amorpliophallus, or Synantlierias is the main stem modi- 
fled and this is a good'‘example 4)f a naked corm. Though 
this is essentially like a tuber, it differs from it in being 
a main stem instead of a branch. Hence it is called a corm. 
The so-called “ solid bulbs ” are corms covered by scale-leaves. 
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The corm of Amorpliophallus bears a large bud at its 
depressed apex. The apical bud pushes out the leaves one at 



Fig. 102. Tubers of the Potato plant. 


a time. In addition to this bud a number of smaller ones 
.are found scattered all over the surface of the corm and also 



Fig. 103. Bulb of an. Onion plant. A, longitudinal and B, transverse 
sections. 1, axis ; 2, scale-leaves ; S, roots ; 4, axillary buds. 
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in the depressed part. Some of these may develop into 
daughter-corms. Sometimes we find corms of different 
periods of growth remaining attached to one another. For 
instance the corms in a wild species, Synantlierias sylva- 
tica, consist usually of two bodies as shown in fig. 104. The 
upper one is the corm of the 
l.b plant that has resulted during 

the period of growth in 1914, 
and th^ lower one is of the 
year 1913. From the corms 
sometimes buds grow out 
and become elongated some- 
■what like the rhizome. The 
Fig. 104. Conn of undergroimd sti-aoture found 

67 / Zmfkct, Schott. Coloccisict A^lttg^UOTwn, 

leaf bud. in continuation with the 

developing bud, is a corm ; and this usually bears branches 
somewhat elongated and resembling a rhizome. 



Pia. 106. Corm of 
FiCt. 105. Conn of Synantlierias sylva- Synantlierias sykaUca 

tica. Lb, leaf bud ; clb, daughter bud, <^ut longitudinally. 

Lb, leaf bud. 

The internal structure of the stem. 

The structure of the stem varies according to the species 
of the plant and the stage of development in the same plant. 
In plants having a short duration of life, as in the case of 
annuals, the stem is generally soft and herbaceous. In 
shrubs and trees the stem is herbaceous in the younger parts, 
and is woody and hard in older portions. 

The structitre of the growing point of the stem is the 
same in all plants, so far as the essential points are 
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concerned. It consists of a mass of meristematic cells termi- 
nating in a cone and covered by the developing young leaves. 
Auxiliary branches also arise very early as protuberances in the 
axils of leaves near the actual growing point. They remain 
dormant for a very long time. It is the leaf that grows 
rapidly one after the other while the axis does so very slowly. 
In consequence of this difference in growth between the axis 
and its appendages, the young leaves developing near the 
growing point cover and protect it. 

Structure of Sunflower stem. — To learn the internal 
structure of the stem it is necessary to select the stems of a 
few plants as types and study them. We may begin the study 
with the stem of a Sunflower plant or of Vernonia cinerea. 
If we examine a transverse section of this stem taken an 
inch or two below the growing point we find in the central 
part a mass of thin- walled cells, and this portion of tlie stem 
is called the pith or medulla. All round the pith which 
occupies rather a large part of the area in the transverse section 
there are groups of cells with thick cell-walls arranged in the 
form of a ring. 

These groups of cells disposed in the form of a ring 
around the medulla are called fibro-vascular-bundles. The 
portion of the stem lying just outside the ring of fibro- 
vascular bnndles and forming the peripheral part of the stem 
is termed the cortex. It consists of a number of layers of 
parenchymatous cells bounded externally by a layer of cells 
called the epidermis. In young stems some of the layers 
of the cortex lying just below the epidermis consist of cells 
with their cell-walls thickened, especially at the corners. 

These isolated groups standing out prominently, by reason 
of their thickened cell-walls, are the cut ends of the vascular 
bundles that rnn longitudinally in the stem, and tlxey 
increase continually in thickness, especially in the case of the 
dicO)tyledonous stems. The mass of wood found in the steins 
of timber trees of several years’ growth is nothing more than 
a mass of vascular bundles packed together closely. Between 
the vascular bundles there ^ are bands of parenchymatous 
cells which are, though smaller, similar to those of the pith. 
These bands of parenchymatous cells seen in the transverse 
section between the vascular bnndles, and ruilning from the 
cortex to the medulla are called medullary rays. At first 
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wlien tlie vascular bundles are isolated these medullary rays 
are broad. Later on new vascular bundles arise in these 
rays making the bundles continuous. 



Fig. 107. Transverse section of a Sunflower stem. 1, vascular 
bundles ; 2, cortex ; 3, medulla or pith. X 25. 



Fur. 108. Transverse section of cbterea stem. 1, epidermis ; 

2, vascular bundle ; 3, cortex ; 4, medullary ray ; 5, pith. X 25. 
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The structure of a single vascular bundle of the Sunflower 
stem is shown in fig. 110. The larger cavities with 
thick walls are the vessels. Amidst the vessels, there are 
small cells with thick lignified walls. They are ordinary 



Fig. 109. Transverse section of a portion of the Sunflower stem. 

1 , cortex ; 2, fibre bundle ] 3, phloem ; 4, xylem ; 5, cambium, x 150. 

parenchymatous cells whose walls are lignified and fibres. 
The lignified vessels, wood parenchyma and fibres form a 
compact group near the pith, and it is the xylem of the 
vascular bundle. Besides these thick-walled elements, 
forming the xylem, there are other groups of cells with thin 
walls which are also the constituents of the bundle. We 
have^as a matter of fact, three distinct parts in a vascular 
bundle, viz., the xylem, the cambium and the phloem. 

The xylem consists of thick-walled vessels and cells and 
fibres. It lies close to the pith. Vessels lying close to the 
pith are the oldest ones and those on the opposite side far 
away from the pith are the youngest. 

Next to the xylem towards the periphery of the stem we 
see several layers of thin-walled cells. Of these those that 
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are rectangular and regular remain close to tlie xylem, and 
this is the cambium region. All the cells of this region are 
not meristematic ; only one layer is so, and it is the cambium 
proper. In the vasular bundle the most delicate part is the 
cambium. 

The cambiums of the bundles found in the young stem 
do not touch each other laterally, because medullary rays 
run between the bundles. Later on these areas of cambium 
become united into a continuous ring. The cells of the 
medullary ray lying between the cambium of the bundles 
become active, change into meristem and connect the adjoin- 
ing pieces of the cambium. 

The tissues lying outside the cambium consist of thin- 

walled cells grouped 
together with a mass 
of very thick-walled 
cells, outside, 
towards the cortex. 
The thin-walled 
cells constitute the 
phloem, and the 
mass of uniform 
cells with thick 
walls is a group ot 
fibres. The phloeih 
is really made 
up of sieve tubes 
and parenchymatous 
cells and it is pro- 
tected by a mass of 
fibres lying outside, 
towards the cortex. 
In the Sunflowei 
stem we find fibres 
associated with the 
vascular bundles, 
and so the bundle 
is sometimes called 
a fibro-vasculai 
bundle. Tlie fibre bundle is not a part of the vascular bundle. 



Fjg. 110. Transverse section of a single 
vascular bundle of the Sunflower stem. 
Ep, epidermis ; Col, collenohyma ; Ft, 
fibre bundle; Ph, phloem; Ca, cam- 
bium; Xjf, xylem; n.v.b, new v^cular 
bundle. X 150. 
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To understand tlie structure of the elements of the various 
parts of a vascular bundle, it is necessary to examine a median 
longitudinal section. Such a section is represented in 
fig. 113. The pith and the cortex consist of thin-walled 
parenchyma. The outermost layer of the stem consists of 
thin-walled flattened cells ; this is the epidermis. The 


I 



5 ^ 


FiO. 111. Transverse section of a yery young stem, of j 

cannaUnus, 1, epidermis; 2, cortex; 3, phloem; 4, cambiimi; 
5, xylem. X 100. , • 

outer free walls of the epidermal cells are thickened, and the 
thickened part is known as the cuticle, especially when 
the thickening is extensive and the thickened pai't can be 
peeled of as a separate membrane. Within the cortex the 
various elements of the vascular bundle and fibre are seen. 
The^nnermost layer of the cortex is in contact with the 
fibre bundle. The fibres have very thick walls and they 
are also pitted though slightly. Next to the fibres lie the 
sieve tubes and ordinary parenchymatous cells. The sieve 
tubes are all small and so they can be seen well only under 
high powers of the microscope. The phloem is succeeded by 
the cambium layer and after this are seen the xylem elements, 
vessels, fibres and wood parenchyma cells. The vessels 
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towards the cambium are all pitted and near the pith lie the 
annular and spiral vessels. 

We have already spoken about the importance of the 
cambium layer. It is really a single layer of cells and these 
cells are always undergoing division giving rise to' new cells 
both towards the phloem and the xylem. Cells near the 
xylem become gradually changed into xylem elements 
(pitted vessels, wood parenchyma and fibres), and those next 
to the phloem become sieve tubes and parenchymatous cells. 



Fig. 112, Transverse section of a portion of a very young stem of 
Bilisom canmiUnm. 1, phloem j 2, cambium ; 3, xylem j 4, 
cortex ; 5, medulla. X 200. 

The cambium exists at first as small patches between, the 
xylem and the phloem of the isolated vascular bundles. The 
formation of the cambium ring is a gradual process. A little 
below the growing pojnt, the uniform mass of ceJls becomes 
differentiated into a central tore, in which the cells are 
elongated in the longitudinal direction and a peripheral 
portion wherein the cells are not so much elongated. The 
central core is called the «tele, Here and there, within the 
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Stele -whicli is uniform in its structure, cells begin to diyide 
ratlier rapidly, and as a result of this division a continuous 
ring of small cells is formed. The portion of the stele inside 
this ring is the medulla or the pith. In this ring which is 
called the procambium isolated strands appear (procambial 
strands). And these strands become changed gradually into 
vascular bundles, separated by medullary rays. The trans- 
formation of the procambial strand into the vascular bundle 



Pig. 113. Longitudinal section of the Sunflower stem. AJf?, epider- 
mis ; Qol, collenchyma ; Cor, cortex ; FI, fibre ; SI, sieve tube ; 
Ca, cambium ; Fi, pitted vessels ; Sp, spiral vessels ; M, 
medulla or pith. X 300. 

is a yery gradual process. A portion of this strand which is 
towards the medulla becomes differentiated into xylem, and 
the part on the side of the cortex develops into phloem. 
A small patch forming the middle part^of the strand is left 
unchanged and it retains its hieristematic condition. These 
bits of cambinm are called fascicular cambiums to distiiv 
gnishthem from the patches of cambium formed later in the 
medullary rays, which are called interfascicular cambiums. 
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A stem is an elongated structure consisting of manj' bits 
superposed one above the other, the limits being the places 
where the leaves are inserted. Every piece is made up of 
cells, most of them being parenchymatous. The parenchy- 
matous cells show a great activity at a certain period of their 
life. All the cells except those of the xylem are full of 
protoplasm. The vascular bundles run through the mass of 
parenchyma longitudinally and, at ewy node, a few strands 
of the vascular bundles leave the stem and enter the stalk of 
the leaf. 

The stem is connected with the root and so the vascular 
strands of the stem and the root are continuous." On the 
other side the bundles of the leaf are also continuous with 
those of the stem. 

The growing points and the parenchymatous cells must 
be supplied with food materials, and the assimilated food 
materials should be transported from the manufacturing cells. 
For this . pi-^iTose special passages should exist. Vascular 
bundles are such special passages. The woody portion of the 
vascular bundle conducts the raw solution from the root to 
the manufacturing cells. The sieve tubes carry the organic 
material which has been built up in these cells to all those 
places where new cells are to be formed. 

The medulla is an important portion only in young stems. 
In older stems this consists of dead cells filled with air. The 
function of the pith in young stems is to swell up the axis 
and accelerate its growth in length. Another function is the 
si orage of reserve substances. 

The medullary rays are somewhat elongated in the radial 
direction, and consist of parenchymatous cells. In young 
stems these rays are generally broad, and are called primary 
medullary rays. As the stem gets older and older the 
primary medullary rays get narrower and narrower, because 
of the f9rmation of new vascular bundles. These rays afford 
the most convenient passage for the transport of the material 
in a radial direction. So long as the vascular bundles are 
isolated, the whole of the medullary ray consists of ’paren- 
chyma. But as soon as the xylem becomes a continuous ring 
that part of t^e ray which runs through the xylem becomes 
differentiated. The cells become somewhat elongated in the 



96 ' MANUAL OP ELBMBNTAKY BOTANY 

radial direction and the walls are iignified. In most cases 
the wood-parenchyma cells of these rays are filled with 
starch grains. Such medullary rays run right through the 
xylem, or they may run only to a certain distance. The 
former- are called primary and the latter secondary medul- 
lary rays. 

We have now studied the structure of the Sunflower stem 
in a detailed manner, and this may be taken as the type of a 
herbaceous stem. • ■ In this stem there are three distinct parts, 
the epidermis, the cortex and the stele. The epidermis has 
a distinct cuticle and also hairs. It is a protective layer. 
The cortex consists of several layers of parenchymatous cells, 
with a few resin ducts. Just below the epidermis the cells 
of the cortex are somewhat thickened, especially at the 
coruers where the cells meet. Cells having this kind of 
structure form a tissue called collenchyma. We shall have' 
to speak about these kinds of tissues again. The innermost 
layer of the cortex consists of cells containing starch grains 
occasionally, and this layer is called the endodermis or the 
starch layer. 

Within the stele we find a number of isolated fibro- 
vascular bundles arranged around a broad core of pith. The 
bundles have between them the medullary rays. Behind the 
vascular bundle, and between the endodermis and the phloem, 
lies the bundle of fibres. The part of the medullary ray 
lying between the masses of fibres consists of thin-walled 
parenchymatous cells. The fibre masses together with the 
part of the ray between them form a continuous ring, just 
outside the vascular bundles and inside the endodermis. 
This part is the outermost part of the ■ stele. These layers 
constitute what is called the pericycle. The vascular bundles 
arise, not quite outside in the stele, but somewhat inside 
always leaving one or more layers of cells outside. In other 
words the endodermis will not be found to be in direct 
contact with the vascular bundles, but it will he separated 
from the bundles by the pericycle. At first the vascular 
bundles possess only fascicuJar cambium, but very soon 
interfascicular - cambium is produced and the cambium 
becomes a continuous ring. In older portions, of the stem, 
the xylem is- a continuous hollow cylinder, 
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As fnrfclier examples, we will do well to examine the stems 
of a few more plants. The stems of EiUscus Cannabinus 
and Aristolochia may be studied next. 

Structure of Hibiscus cannabinus stem.— The stem of 
EiUscus cannabinus is practically similar to that of Helian- 
thus in its structural features. A cross section of the stem 
reveals a narrow cortex and a fairly large area of pith with 
the vascular cylinder between. ' The medullary rays separat- 
ing the vascular bundles are very narrow, consisting of only 
one or two rows of cells. The vascular bundles are narrow 
and numerous. The cambium region is fairly broad and 
these features make the vascular cylinder appear almost 
continuous. In older stems the vascular cylinder becomes 
quite continuous. Another striking character in this stem is 
the presence of groups of fibres in the phlo6m alternating with 
sieve tubes and thin- walled cells. 

Structure of the stem of Aristolochia.— In a transverse 

section of this stem 
we see clearly the epi- 
dermis, the cortex and 
the stele. Within the 
stele there are a number 
(5 to 11) of vascular 
bundles separated by 
broad medullary rays. 
(See fig. 114.) The vas- 
cular bundles consist of 
the xylem, the phloem 
and the cambium be- 
tween them. The endo- 



Fig. 114, Fibre bundles (mechaiucal 
tissue) in the form of a continuous 
ring in the transverse section of the 
stem of Aristolochia as seen under 
low power. 


dermis ■ is clearly seen, 
because the layers of 
cells inside in contact 
with it are thick- walleS. 
Between the endodermis 


and the vascular bundles we find two distinct bands that are 


continuous. The layers' of cells ;»with thick walls are the 


fibres and instead of being in the form of isolated bundles, 


they are in the form of a continuous ring. Below the ring of 
fibres lies a broad hand of parenchyma. These layers 
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together constitute the pericyclc. The epidermis has a 
cuticle and the central pkt'of the stele is the pith. In this 
stem, the interfascicular cambium makes its appearance very 
slowly and gradually; - 

Woody stem.— As an., example of this type we shall 
choose the stem of Thespesia pnpiilnea. A transverse section 


. \ 

/ 



Pki. 115. A portion, in. the transverse section of the stem of Afisiolo- 
cMa bracteata. 1, cortex; 2, perioycle of fibres; 3, phloem: 
4, inter'fascichlar cambium ; 5, xylem. X 50. 

of a year 'old stem has a well-marked pith surrounded by an 
almost continuous hollow cylinder of xylem which has more 
of wood parenchyma than vessels. Then comes the cambium 
ring consisting^bf a.- few layers of cells that are narrow and 
quite regular* in arrangement. Even in young stems the cam- 
bium is more' or dess a continuous layer. (See figs. Ill, 112 
and 117.) Outside the cambium there are the phloem masses 
arranged so as to form a ring although interrupted by broad 
medullary rays. The phloem consists of alternating layers of 
soft tissue and groups of fi^bres. The cells of the medullary 
ray lying between the phloem masses are somewhat elongated 
in the tangential direction. The cortex is not broad and it 
consists ‘Of a few* layers of ordinary parenchymatous cells 
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Fig. 116. Transverse section of a single vascular bundle in the stem 
of Anstolodhia hracteata, 1, phloem*; 2, cambium j 3, xylem. 
X 150. 



3^. 117. Transverse section of the stem of Thespeaia p&pulnm. Ep, 
epidermis ; co, cortex ; rc, resin canal ; Ji, fibre bundle ; w 
sieve-tube ; ca, cambium ; xy, xylem. X 300. 
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lying beneath a thin band of collenchyma, which is covered 
by the epidermis. In very young stems outside the 
collenchyma there will be only the epidermis. But in the 
case of the older stems, between the epidermis and the 
collenchyma, we find a few layers of cells all very regularly 
arranged. This is cork tissue. As the dicotyledonous stem 
increases in thickness' due to the activity of the cambium, the 
outermost layer or thertCpidermis should also be expected to 
keep pace with the growth of the stem. Up to a certain 
limit the epidermis retains the power of extending its 
dimensions by cell division, but afterwards it loses this 
power and may get torn. 

Long before the time the rupture is likely to occur, cork 
layers begin to be formed. A layer of parenchymatous cells 



.Pia. 118. Formation of cork cells in the cortex of a very young stem 
• of Jatropha. epidermis i C, cork cambium ; X, latex tubes. 

in the cortex, below the. epidermis, becomes meristematic and 
a cork cambium layer goes on producing cells outside on the 



119. Formation of cork cells in a stem of Jatropha older than in 
118. E\ epidermis j Co, cork oeUs j Co, cork cambium j X, latex 
-tubes. 
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side of the epidermis, and they gradually change into cork 
cells. 

In the woody type of stem the amount of xylem is great, 
as the cambium is always active. As regards the component 
elements of the xylem the primary xylem consists chiefly of 
spiral vessels and reticulated vessels, though occasionally 
annular vessels may also be found. But soon after the 
establishment of the secondary thickening by the cambium 
ring, the elements of the secondary xylem will be mainly 
pitted vessels. Of course the cementing elements, wood 
parenchyma and wood fibres, are formed both in the primary 
and the secondary wood. 



Fig. 120. Transverse section of 
a portion of the stem of 
Anona showing medullary 
rays. X 40. 


Fig. 121. Transverse section 
of a portion of the stem 
of Anona showing a small 
part of tlie medullary ray . 
X 100. 


From the study of the structure of the stem of T^hes- 
pesia it is obvious that a woody stem has fundamentally the 
same structure that is found in a herbaceous type of stem, 
though there may some. minor differences. But well- 
developed woody stems show certain striking features. In a 
woody stem the most prominent thing is the hard woody 
cylinder enclosing a very small amount of pith. This is 
stirrounded by the- bark which consists of softer tissues. The 
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bark comes off easily from tke xylem and looks as if directly 
joined to the wood, becanse the cambium is delicate and is 
the line of easy rupture. 



Fig. 122. A tangential section of the stem of Anoiia through the 
cortex to show the ends of medullary rays. X 30. 

As the stem grows the bark also grows- The bark con- 
sists of phloem, the primary cortex and cork tissue. When 



Ftp-. 123, A tangential section of the stem of Anona through 
xylem to show the ends of medullary rays. X 100. 
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the tissues inside a stem increase in extent the epidermis 
gets ruptured and its .place is taken by the cork. In the 
stem the cork cambium may persist a very long time or it 
may be replaced from time to time by new ones. After 
many years the outer layers of the .phloem die and are cast 
off. The bark adjusts its.elf admii'ably to. the increasing bulk 
of the growing stem.. The -peripheral part of the bark gets 
broken into furrows and ultimately it is shed. 

In the xylem cylinder medullary' rays become conspi- 
cuous. These are really, narrow plates ^ of tissue extending 
from the cambium to the pith or stopping short of the pith 
in the radial direction. Their vertical extension is very 
small and their ends are somewhat lenticular in shape. (See 
figs. 122, 123 and 124.) Inasmuch as the cells of these rays 
consist of pitted wood parenchyma cells filled with proto- 
plasm and starch, these link the parenchyma of the xylem 
and phloem and form' a connected system of living tissue 
extending inwards and outwards. 



Fio. 124. A radial section; of the stem of Aiiona to show the 
vertical extension of the medullary ray. X 100. 

The difference between a .herbaceous stem and a woody 
stem after all lies in the relative^roportions of the different 
tissues and in the formation of cork. The cambium is more 
active aud there is a large increase in every tissue. Further 
there is provision for indefinite expansion, if ,we hear in 
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mind that a tree has to withstand a great deal of external 
mechanical force, that large amounts of water pass away from 
the leaves and that large amounts of reserve food material 
have to he stored and translocated to various parts, then it 
becomes obvious ■ that it should have in its stems a large 
amount of xylem and also' a well-developed bark. 

Stem of marsh and aquatic plants.— -The stems of plants 
growing in marshes oi^. submerged under water differ in their 
structure from the other types. The stem of Herpestis mon- 
niera is quite typical of this kind of stem. In this stem the 



Fig. 125. Transverse section of a stem of Herpestis Moimimi. X 25. 

cortex is broad'and full of air-spaces. (See fig. 125.) The 
stele is confined to the centre of the stem and occupies but 
a little space. The pericycle and the endodermis are clearly 
marked off. In the vascular bundles both the xylem and the 
phloem are reduced very , much and consist of only a few 
elements. Although the cambium region is well seen, it 
does not show much activity. (See fig. 126.) Considering 
the habitat of the plant there is nof mitch need for xylem 
tissue and hence the gi’eat reduction. The need for dr is 
obvious and this is why there is a great development of air 
spaces in the cortex. 



Fig. 127. Transverse section of a monocotyledonous stem. X 50 
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tliese.are monocotyledons) the vascular bundles are found 
scattered amidst a mass of parenchymatous cells. Each 
vascular bundle consists of only xylem and phloem, without 
the cambium, and so there cannot be secondary thickening, 
and such bundles are called closed vascular bundles, to 



Pig. 128. Transverse section. of a single vascular bundle of the Sugax • 
cane stem. ' 1, sieve tube ;■ 2, xylem ; B, fibrous sheath. X 200. 

distinguish them from the dicotyledonous vascular bundles 
which have the cambium, and hence are called open bundles. 
A distinct pith or. medulla is wanting in the monocotyle- 
donous type of stem on account of the scattered arrangement 
of the vascular bundles. The cortex is also very narrow. 
The Vascular bundles are fai’ more scattered towards the 
centre but they are closer near the periphery of the stem. 

The vascular bundle consists of only xylem and phloSm* 
The former consists of only few vessels, fibres, and wood 
parenchyma. 

The xylem vessels are arranged in the form of a V ” with 
wood parenchyma and small vessels wedged in between the 
larger vessels. The phloem lies close to the xylem. All 
round the bmidle we find fibres forming a kind of sheath, 
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whicK is' well developed, and for this reason becomes more 
marked, in the bundles lying near the periphery of the stem. 

As already noted the cortex is not a very conspicuous part 
in this type of stem. The epidermis, as well as a few layers 
of the cortex, lying immediately beneath the epidermis is 
generally modified in structure. The cell-walls of the epi- 
dermis and those of the cells of the cortex immediately below 
the epidermis become thickened.. Further, as already pointed 
out, the vascular bundles towards the cortex have very broad 
sclerenchymatous sheaths. So the peripheral portion of the 
stem is strengthened by the presence of thick- walled elements 
enabling it to stand the strain of wind, and weight. 

Arrangement of the mechanical tissucs.—Tlie fibres 
forming a sheath around the vascular bundles of the 
monocotyledonous stem and the groups of* fibres forming a 


3 4 



I* 

Fm. 129. Longitudinal section of a vascular bundle of the Cholam 
stem. 1, fibre bundle ; 2, pitted vessel ; 3, spiral vessel ; 4, 
annular vessels j 5, parenchymatous cells, of the ground tissue. 
X 200. . ■ 
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part of the pericycle in the stems of Sunflower and Aristolo- 
chia play a very important part in the life of the plant. 

They protect the soft elements of the phloem. The 
general arrangement of the fibres in all these cases is very 
striking and significant. 

An engineer or a mechanic will always try to secure the 
necessary strength in the materials he uses, by the use of the 
smallest amount of ifiaterial. For instance, in bridges and 
roofs instead of using oblong solid beams, girders are used. 

A girder consists of two broad pieces, one forming the 
upper and the other the lower surface with a piece between 
called the web. If an ordinary beam be fixed at one end 



Fig. 130. A girder and Fig. 131. Fibre bnndJes in the Sunflower 
a hollow pillar. stem. (The larger circles are the fibre 

bundles and the minute circles in lines 
are vascular bundles,) 

ip 

the other end being free, and then a weight be attached to the 
free end the beam will bend at the free end. Then the upper 
surface becomes longer and the lower shorter. The central 
line which is equidistant from both the surfaces undergoes 
no change. So it is obvious that in the beam the upper and 
the lower surfaces alone need strengthening, and the web 
needs it not. In a girder a great amount of material is used 
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to make tlie two siirfaces strong and the web is generally 
thin. A girder will bear a greater weight than a solid 
beam containing the same amonnt of material. Similarly 
we find that a hollow cylinder will bear a greater load than a 
solid one containing the same amount of material. The stems 
of plants are exposed to strain from the action of the wind. 
As the stem grows larger and larger, the strain that it 
has to bear increases. The Sunflower stem, for instance, is 
exposed to the influence of wind and it has to resist the 
strain of bending. It has also, at the same time, to carry the 
weight of leaves, flowers and branches. So there must be in 
the stem some arrangement which will enable it to withstand 



Fig. 132. Transverse section of the stem of Panicum rejjens, 1, 
epidermis ; 2, ring of fibres ; 3 fibrons sheath of the vascular 
bundle. X 15. 

the Strain of bending. In a transverse section of the 
flower stem, we find isolated groups of fibres just close to the 
phloem and almost near the periphery. The arrangement of 
the groups of fibres, in this stem ^and in this manner, makes 
it like a hollow cylinder with very great firmness and 
rigidity at the periphery of the stem. A hollow cylinder is 
really a combination of several girders, 
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This kind of arrangement of fibres is seen in many 
monocotyledonous stems also. For instance, in the stem of 
Panwm npens we find a continuous ring of sclerenchyma 



Fig. 133. Oollenchyma iu the stem of the Sunflower plant. Ep, 
epidermis ; Col, Collenchygia ; rj, resin duct ; Fi, fibre 
bundle ; Pk, phloem ; Co, cambium ; Xy, xylem : Pr. .r, primary 
xylem. X 60. 

and also the fibrous sheaths of the vascular bundles. Where 
such rings are absent we find the peripheral part strengthened 
by the thickening of the epidermal cell walls and by the 
development of a . larger number of vascular bundles with 
very pronounced fibrous sheath in the peripheral part of the 
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stem. As the stem gets older several layers beneath the 
epidermis undergo thickening of their celhmlls* 

This strength giving tissue, consisting of groups of fibres, 
is sometimes called mechanical tissue. The fibres come into 
existence gradually. So in young stems we do not find these 
fibres so well-formed and arranged.- They-' are either absent 
or in the course of • formation. Younger parts' of' stems also 
require a'certain amount of strengthening at the periphery, as 
they have also to withstaind the strain of wind and' weight. 

As all the parenchymatous cells in the younger parts are 
active,' it is necessary to have some kind of mechanical tissue 
which would give rigidity and at the same time be elastic, 
to allow the cells to grow. Fibres are inelastic and rigid. 
Therefore they are out of question. Some other kind of 
tissue -must be formed. The parenchymatous cells of the 



Fra. 134. Collenchyma in the stem of Nerinm. (Transverse section.) 

6V, cuticle; E‘p, many layered epidermis; Co, collenchyma; 

Fa, parenchyma. X 200. 

cortex below the epidermis become thickened at the corners 
where two or three cells meet. These cells form a kind of 
tissue and we have already spoken of this tissue and it is 
called collencliyma. Thus we have two kinds of tissues to 
serve as mechanical tissue. Collenchyma consists’ of living 
cells and is best suited! for young stems, because it may change 
into ordinary parenchyma when it is no longer needed; 
the fibres on ^the other hand are dead cells and so are of no 
other use. 
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Both the root and the stem of dicotyledons are capable of 
increase in their thickness to any extent on account of the 
presence of the cambium. This increase in thickness is 
called secondary thickening. Under normal conditions 
growth or increase in the number of cells, which naturally 
leads to the increase in the different kinds of tissues, is 
confined to the cambium. But under abnormal conditions 
parenchyma that has ceased to divide and grow may once 
again become active and give rise to different kinds of 
tissues. When a stem is cut across or injured various tissues 
are exposed to the air. Most of the cells of the cortex are 
living cells and so, when pressure is removed by the injury, 
all these cells swell and some of them lying somewhat 
deeper begin to divide. As the result of this activity a 
mass of cells is formed at the injured ai’ea and the outermost 
cells become changed into the protective tissue, cork. This 
mass of cells brought into existence by this abnormal activity 
is spoken of as callus and the process is termed callus- 
formation. All the wounds caused accidentally or con- 
sciously by men in tree trunks and branches get healed by the 
process of callus-formation. ' • • 



Big. 135. Solereuchyma from the stem of Nerium. SH, laminations ; 
p, pits. X 400. 

From a study of the stocture of tlie stem we see that it 
is only a mass of cells in which are embedded cells or groups 
of .cells variously modified. The main bulk of the stem 
consists of thin walled parenchymatous cells,* For the sake of 
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clearness we m^j classify all the tissues occurring' in a plant 
body as follows : — 

{a) The formative tissue— 

(1) Meristem cells of the growing points. 

(2) The cambiums. 

(&) The protective tissues— 

(1) The epidermis and (2) the cork tissue. 

(c) The conducting tissues— “ 

(1) The lignihed vessels and (2) the sieve tubes., 

(d) The ground tissue — The parenchymatous cells. 
(^>) The mechanical tissues — 

(1) Sclerenchyma and (2) Collenchyma. 

(/) Some special tissues— 

(1) Laticiferous tissue. 

(2) Besin ducts. 

(3) Oil glands and mucilage cells. 
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CHAPTEE VI 

THE LEAF 

' The leaves are the most conspicuous parts of a plant and 
they are also very imjDortant organs of a plant. It is a matter 
of common knowledge that leaves vary a great deal in size, 
shape and character. And yet most leaves are delicate and 
have a thin flattened portion called the blade or the lamina. 

A leaf is an outgrowth of the stem like its branches, but 
with this difference, namely, a branch is merely the repetition 
of the stem, whereas a leaf differs very much from a stem in 
its structure. From a study of leaf buds we have learnt that 
leaves appear as small outgrowths on the surface at the 
growing points and that they develop in aeropetal succession. 
Leaves are arranged on the stems in definite positions and in 
some regular order. 

A typical leaf has three parts, the blade or the expanded 
portion, a stalk or the petiole and the basal portion of the leaf 
which connects the leaf with the stem. All leaves do not 
possess all these three parts. For instance, we have leaves, 
such as those of Lactuca, Sonchus and Ai’gemone without 
stalks. The leaf blade, on the other hand, is very well 
developed in most of the flowering plants. Similarly the 
basal portion of the leaf must be expected to be present 
in all plants. Young leaves which are enfolded in the ])ud 
do not possess stalks, or if they happen to have them they are 
very short and almost invisible. However, the stalk develops 
subsequently, and elongates after the unfolding of the leaves. 
This is so, because in the enfolded leaves the basal portion 
an^ the lamina become developed very much earlier than the 
stalk or the petiole. 

From the basal portion of the leaves outgrowths arise in 
many plants. Generally two outgrowths, one on each side, 
are seen and they are called: stipules! 

In very many plants the stipules are small and not 
prominent. There are also plants in which the stipules are 
very conspicuous and large. The Peepul {Ficus religiosa), 
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the Banyan {F. hengalensis), the Jack tree (Artocarpus 
integri folia) and Cassia auriculata have large stipules. In 



Fig. 136. Parts of the leaf of 
Hibiscu.^ Rom-avnensis. a, sti- 
pule ; &, petiole ; c, lamina or 
blade j cf peduncle j bracte- 
oles forming an epicalyx. 



Fig. 137. Parts of the leaf 
of Qama auriculata, a 
stipules ; b, leaflets. 


the first three the stipules serve to protect the young leaves in 
the bud ; they are large and semilunar in Cassia auriculata. 
Sometimes they are tubular (Ochrea) as in Polygonum 
glabrum. 



Fig. 138. Tubular stipules of Polygonum, a, stipule ; 5, petiole. 
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When leaves are young they are generally folded in 
different ways. In many plants the two halves of the blade 



Pig. 1 39, Tubular stipule of Polygonum, u, tubular part ; 

5, stalk of the leaf. (Pour times the nat. size.) 

are folded along the midrib in such a way that the inner 
surface and the edges of the blade meet, as in Anona, 

Abutilon, Thespesia, Mor- 
inda and Tephrosia. This 
kind of folding is called 
conduplicatc. Sometimes 
the leaf is rolled on itself in 
such a manner that one 
mai'gin being rolled towards 
the midrib remains inside 
and the other over it outside, 
as in Musa and Canna, and 
the folding is termed con- 
volute. It is not unusual to 
find both the margins of a 
Pio. 140, Terminal bud of Fleim. rolled inwards 'towards 
protected by stipules, Nyinph«a, 

Nelumbium, Otteiia and Viola and this is described as involute, 
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As alreaclj^ remarked, of all the vegetative organs of a 
plant the foliage leaves are the most important, because the 



Fig. 141. Young leaves just emerging from within the 
stipules in the young leaf bud of Ficus, 

formation as well as the transformation of organic matter 
takes place in them. The work that leaves have to do is very 
complicated and varied. The green colour enables them to 
do the work of forming organic matter under the influence of 
sunlight. This special work of the. leaf cannot be carried out 
unless the leaves are exposed to sunlight. So we expect 
leaves to be disposed on the axis in such a manner that all the 
leaves may get as much light as possible. And yet too much 
light is injurious to leaves. The adjustment of the position 
of the leaves with reference to light is therefore a very 
delicate one. 

. In most plants the leaf blades maintain a horizontal 
position so th# a large number of light rays may fall on 
them. If the light gets too intense, either the leaf blade will 
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cliang-e its position or the twig beainng the leaves will shift 
its position. 

Every green plant produces as many leaves as possible, 
and their position with regard to the light will be such that 
all the leaves may get sufficient light, without shading one 



FiG. 142. Alternate leaves of 
Pcmnia zeylanica. 


from the same node. If there 
node, they are said to be whoi 


another to any large extent- 
Leaves generally appear to 
be arranged in various ways 
on the stem, but on close 
examination it will be found 
that either a single leaf 
originates at each node, or 
two or more spring from it. 

When only one leaf is 
borne by the stem at the 
nodes, the leaves will be 
found arranged spirally 
around the stem or alter- 
nately. This arrangement 
of leaves on the stem (or 
phyllotaxis) is said to be 
alternate. Leaves are said 
to be opposite, if two leaves 
arise opposite to one another 
re more than two leaves at a 
ed. Leaves are opposite in 



Fig. 143. Opposite leaves of Morinda. a, a, 
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Morinda, Calotropis, and Vinca. They are whorled in 
Nerium, Alstonia and Clerodendron. As examples for the 
alternate pliyllotaxis we may mention Thespesia, Abutilon, 
Pavonia and Melia. 



Pi(i. 144. Opposite leaves of Calotropis. 


In stems with alternate leaves no two successive leaves 
will be found to be one exactly above the other and yet, the 
leaves will be in vertical rows. Between two successive 
leaves on the same 

tions. To make out the 

arrangement of the 

leaves in such cases, a 

close examination of * 

the nodes of a normally ^ 

g^■o^ving Shoot isneces- OPP^ite leave, of Stephegyne. 

a, stipules ; b, young leaves. 

sary. As an example a 

branch of Thespesia, " or xlbutilon may be taken. In these 
branches any leaf chosen will be exactly above or below the 
sixth leaf and the five leaves spirally arranged round the stem. 
The spiral wilf consist of two turns around the stem and the 
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first leaf will be separated from the second by a space equal 
to two-fifths of the circumference. If the circumference 
were one inch the first leaf will be two-fifths of an inch apart 
from the second, and the second the same distance from the 
third and so on. In a spiral of five leaves we get five vertical 
rows arranged round the stem at equal distances. We also 
meet with spirals having two, three, or four leaves or more. 

When the leaves are opposite the successive pairs will be 
at right angles to one another. In other words the leaves at 



Fig. 146. Whorled leaves of Ahtonla scliolam. 

any one node will be across the leaves of the nodes immedi- 
ately above and below it. This arrangement of the leaves is 
called decussate arrangement. (See fig. 144 ) When the 
leaves are in a whorl, the leaves of the alternate nodes are 
exactly one above the other, and the leaves of the successive 
nodes will be found on different vertical lines side by side. 

The phyllotaxis will become clear, only if we remember 
that the leaves require the play of sunlight on their blades. 
Usually the most advantageous position for the leaf blade is to 
place its surface across the ^direction' of the rays of light. 
But if the light becomes very intense, this position is certain to 
injure the leaf blade. So, under such circumstances, the leaf 
should be able to shift its position. When the*^ snn’s rays poui* 
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straight down, the leaf will shift its position, so that the blade 
may be parallel to the rays instead of being at right angles. 
Almost all leaves possess the power of changing their position 
according to the nature and the intensity of the light of the 
sun. 



F[G. 147. Whorled leaves of Nerium. 

As all the leaves of a plant need light, it is obvious that 
they should grow in such a manner, as not to shade each 
other. One of the means by which the leaves are helped in 
this matter is the phyllotaxis. There are also other means, 
besides the phyllotaxis, by which the leaves avoid the shading. 
Choose some erect branches from a plant, say Acalypha 
inclica or an Amaranth, and look down upon them from 
above. Then the leaves will be found arranged in rows 
round the stem, in such a manner that the space round the 
stem is utilized to the g^reatest possible extent. Further, the 
leaves below are not shaded by those above, because the 
petioles of the former are longer than those of the latter. 
Again the size pf the leaf blade also has some bearing on 
the disposition of the leaves round the stem. If the leaves 
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have broad laminas, the ro-ws round the stem will be three 
or four ; there will be five or six rows, when they are 
moderately broad ; the rows will be many in cases where 
the blade is very narrow* Whatever the number of rows 
around the stem, all the leaves get their share of light, 
because the rows are not likely to shade one another. But, in 
the same row, leaves above are likely to throw those below 
into shade. As a matj;er of fact this does not happen so as to 
interfere with one another. By the adaptation of the length 
of the internode and the direction and length of the leaf- 
blade, shading is avoided. 

Tinas it is seen that the adjustment of the leaves for the 
sake of light is very varied and comjalieated. In some cases 

the leaf surfaces pre- 
sent beautiful mosaics 
and rosettes. For 
instance in many 
Solanaceous plants, 
such as FJiysal/^ 
minima, the leaves 
are not all uniform 
in size and so the 
leaves arrange them- 
selves in a mosaic 
fashion. 

Many plants of the 
order Oompositm ma\’ 

F,«. 1 IS, Leaf mosaic of Phj.M. examples 

for the rosette habit ot 

the leaves. The leaves in Lactuca Eeijnea}ui, Sonclius and 
some Blumeas are mostly confined to the base of the plant. 
In other words, the leaves are radical. In all these plants 
tl>]e leaves are narrow at least in the lower part and so they 
are disposed round the stem, so as to form a rosette. It is 
easy to give more examples *, for instance, Trapa, Elytraria 
and Elepliantoiyus scaber. ^ 

The same principle, that the leaves should spread them- 
selves so as to enable all the leaves to be lighted and, at the 
sam e time, avoid shading one another, is very well brought 
home by the heads of trees. For instance, the heads of trees 
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sucli as tliose of tlie Banyan are generally found covered by 



Fia. 149, Leaf mosaic of Pellioiiia. 

leaves so as to form a framework or covering with, as few gaps 
as possible. To 
enable all the leaves 
to obtain sufficient 
light, this is the best 
possible arrange- 
ment. If we look 
at the head of the 
same tree from in- 
side and from near 
its trunk towards 
the branches, we 
find large spaces be- 
tween boughs and 
twigs, and no leaves 

are found distri- Fig. 150. Leaf mosaic of Fittonia.- 
buted in these gaps. 



124 


Manual of elementary botany 


Shape of leaves. — Leaves vary very much in their shape. 
For purposes of description names are given to the shapes 
that are striking. A leaf whose lamina is narrow with the 
sides parallel, is said to he linear. Leaves of grasses and 



elliptic, ovate and oblong leaves. 

those of the cereal plants are linear. When a leaf is somewhat 
broad at the middle o)‘ a little below and tapers towards 
the apex, as in Nerium, Polygonum and Polyalthia it is 
described as lanceolate. A leaf is oblong when the margins 
are almost straight and the blade uniformly broad. Guava, 
Calotropis and Banyan leaves are good examples of oblong 
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Figs. 15b to 159. Shapes of leaves; obovate, orbicular, 
reiiiform and cordate. 

leaves. When the leaf blade is broad and rounded at the 
base and also tapering to a point at the apex, it is described as 
ovate. Leaves of Htbiscus Eosa-sinensis^ Acalypha indica, 
Solumim mgrum and Physalis minima are good examples. 
When the blade is broader at the apex and narrowed towards 
the base, as in the leaflets of Cassia obovata, it is obovate. 
Leaves like those of Nelumbinm are described as orbicular, 
or rotund. Sometimes the blade is hollowed out at the base, 
and pointed at the apex so as to be roughly .like the heart 
spot on a playing card, and such are called cordate or hearl^- 
shaped. The leaves of Thespesia and Aristolochia may be 
cited as examples. If the apex be rounded, instead of being 
pointed, the outline is said to be reniform or kidney-shaped. 
The leaves of Centella asiatica are reniform. There are 
some leaves whose lamina resemble somewhat an arrow head 
in their shape, and such leaves are sagittate. Several species 
of the natural order Aroide^e have sagittate leaves. If the 
basal lobes of such a blade are straight and at right angles to 
the blade, the leaf is then hastate. If the basal lob^s are 
rounded and prominent, the leaf is said to be auricled. 

Margin of leaves. — The leaf margin is entire when it is 
quite even without »any indentations. It is dentate, if the 
margin is cut up into prominent teeth, as in Hibiscus Eosa- 
sinensis ; serrate if the teeth are small and directed upwards, 
as in Acalypha indica ; crenate when the teeth are rounded, 
as in Bryophyllum calycimm, Centella asiatica and 
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Stachytarpheta Mica, . Sometimes the margins of leaves 
become deeply indented and then the leaf is said to he lobed, 
if the cut does not go more than half way to the centre, as in 
the cotton leaf, and if it is deep reaching the middle of the 
leaf, as in Lactuca and Radish, then the leaf is said to be cleft. 



Figs. 160 to 162. Sagittate, hastate and auricled leaves. 


When a leaf is lobed, the lobes are arranged either on the 
sides of the midiab as in Lactuca and Radish, or they may all 
spread like the fingers of a hand, as in Jatro])]ia and Hiliscvs 
ficulneus. The former is described as pinnate and the hitter 
’ palmate or digitate. Sometimes the lobing becomes so deep 
as to cut the blade into distinct pieces, so that a piece may be 
plucked off without in the least affecting the others. In such 
^cases the leaf is said to be a compound leaf. The leaflets may 



Fig. 163. Leaf margins. Entire, undulate, dentate, serrate and 
crenate margins respectively. 

either be disposed pinnately as in Cassia amiculata and 
Cassia siamea or palmately as in Eriodendrum anfmctumm 
and Cymndropsis pentaphylla. 
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The division of lamina may take place only once and then 
the leaf is simply compound, on the leaflets may become 
divided further, as in the case of Moringa, Cardiospermum, 
Acacia aratica, Melia Azedamch and Millingtonia hortensis. 
Then the leaf is described as bi- or tri-pinnatcly compound 
according to the division. 



Fio. 164. Leaf apex. Acuminate, acute, obtuse, truncate, retuse, 
cuspidate and mucrouate respectively. 


Apex of leaves. — If the apex of a leaf tapers to a point 
gradually it is said to be acuminate, and if it is merely sharp 
pointed it is acute. The apex is obtuse, when it is rounded. 
Sometimes the apex will be straight as though cut off and 
then it is truncate, and if there is a notch, it is said to be 
retuse if the notch is shallow, and emarginate if it is deep. 
In some cases we see a sharp point projecting from the 
apex and then it is said to be mucronate. We meet with 
leaves having a triangular piece at the apex and then it is said 
to be cuspidate. 

Kinds of leaves. —The organ directly concerned in the 
work of manufacturing organic substances is the foliage leaf. 
This is the kind of leaf which is of very general occurrence. 
Sometimes leaves are forced to do some kind of work, other 
than the preparation of organic substances. For instance, in 
seedlings, the cotyledons in most cases have very little to do, 
at any rate in the beginning, with the work of making orgai^c 
stuff. The work that the cotyledons are mainly concerned 
in is to store food and make it available to the growing 
seedlings. 

Another kind of leaf occasionally met with in some plants 
is what is known as the scale-leaf. These leaves are met with 
in connection with scaly buds. In Mango trees when growth 
is at a standstill the terminal buds at the ends of twigs are 
covered by small scales. These scales are really leaves 
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remaining undeveloped and small so as to afford protection to 
the growing point. (See figs. 89 and 90.) 



Eia. 165. Pinnately lobed leaves of A, Lactuca and B, Argemone. 


And yet another kind of leaf is the bract found in connec- 
tion with the flower. Bracts are generally small, hut in some 



FiO. 166. A digitately lohed Fig. 167. A digitately deeply 

Hibiscus leaf. lobed leaf of Pavonia. 
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plants they are large. For instance, in the terminal branches 
of the plant Qynandropm pentapJiylla^ the foliage leaves 



Fig 168. Digitately shallowly lobed cotton leaf, a, stipule 
h, petiole ; c. blade. 



Fie. 169. Paripinuate com- Fia. 170. Impari-piimate leaf 

pouad leaf of Cassia, oi Asiadiraota. indiea, 

siamea. 
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gradually pass into bracts and so, they are very conspicuous 
and leaf-like. 

Modified leaves. — There are a number of plants feeding- 
on insects. They do not thrive well, unless they obtain 
insects. In these plants there are adaptations of a special kind 
to enable them to catch and digest small insects. As examples 
of such plants wo may mention Drosera (D. Burmanni, 



Fia. 171. Bi-pinuately compound leaf of Acacia amUca. 
a, stipular thorn ; 5, petiole j c, gland. 

D. peltata and D. indioa), Utricularia (several species) and the 
pitcher plant Nepenthes. In Drosera the leaves are provided 
with glandular hairs secreting mucilage in such profusion as 
to imprison the insects, when the hairs come in contact with 
them. The leaves of Utri- 
cularia are modified into 
bladders with traj) doors to 
catch insects. lu the pitcher 
plants the leaves are pro- 
longed at the apex into long 
processes ending in cups. 
These cups or pitchers as 
thej^ are called, contain a 
, liquid. The insects are 
allured by these pitchers so 
that they may fall into ■ 
and get digested by the water contained therein. 



Fig. 172. Palmately 
compound leaf. 
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Leaves are able to produce organic matter, as they contain 
chlorophyll. Young pai’ts of plants are also able to do this 
because they also contain the green colouring matter. -There 
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are many plants without leaves, as in the case of the prickly- 
pear. In such plants the chlorophyll grains become imbedded 
in the cells of the cortex of the stem. Such stems look 
quite different from the ordinary stem and they are called 
cladophylla. 

In some leaves the petiole develops into a flat structure 
very much resembling the leaf and the blade either remains 
very insignificant, or it is not at all developed. Such petioles 
are called phyllodej. 

As examples of dadophylla we may mention the stems of 
Boucerosia, Opuntia, Casuarina and some Euphorbias. Phyl- 
lodes are found* in Acacia duricuUformis and in Parkinsoma 
aculeata. 

Petioles have sometimes wings on both sides as in the 
orange leaf and in the compound leaves of some species of 
Yitex and Filidium dedpiens. 

The internal structure of leaves.— The leaf-stalk or the 
petiole does not differ much from the stem in internal 



175« Drosera Burmanni. (Five times the nat, size.) 
The entire plant, ^ 
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structure. In the petiole the vascular bundles are arranged 
generally like a semi-circle, especially the larger ones. There 
are also smaller bundles between the larger ones. The cam- 
bium does not persist in these bundles, because there is no 
need for secondary thickening. The xylem lies towards the 
upper surface and the phloem towards the lower. 



Fig. 177. Utricularia exolaeta. (Entire plant.) 

The lamina of an ordinary leaf consists of a mass of 
parenchymatous cells filling up the meshes of the network 
of veins, which is a prominent feature of the foliage leaves. 
This network of veins not only supports the leaf tissue, but 
also serves as a channel for carrying water to the cells in the 
meshes of the network. It also prevents the tearing of the 
leaf blade and keeps it quite fiat. As striking examples of 
the network of veins, we may mention the leaves of Ficus 
religiosa, Quisqualis, Dolichos and Antigonon. 

A leaf considered from an anatomical point of view 
consists of three parts. They are an epidermis covering both 
the surfaces of the blade, Chlorenchyma of 'the mass of 
parenchymatous cells having chlbroplastids imbedded in them 
and the network of veins. ■ , ^ 

The epiderinis consists of flattened cells all fitting closely 
together, and they do not contain chlorophyll grains. The 



134 MANUAL OF ELEMENTARY BOTA;firY 

lower epidermis differs from the upper epidermis in having 
the characteristic openings, the.storriata. Each stoma (which 
simply means a mouth) consists of a pair of semi-liniar cells 
bounding the opening. These cells ai’e called the guard 
cells and they contain chlorophyll grains. Further, these 



Fig. 178. A branch of Utrimlar’ui e,rolaeta, with bladders. X 10. 

guard cells are capable of changing their shape and so vary 
the size of the opening. These stomata are generally 
confined to the lower epidermis of leaves, but there are also 
leaves having stomata on both sides. The number of stomata 
is generally very large and it may be anything from 50,000 to 
450,000 or more to the square inch. 

The parenchymatous cells, forming the bulk of the leaf 
tissue (Chlorenchyma) in leaves with the upper and the lower 
surfaces well marked, are arranged in tAvo distinct ways. 
In the upper portion of such a leaf one or more layers of cells 
are elongated vertically and lie side by side Avithout much of 
intercellular space. This is called thcr palisade parenchy- 
ma. The parenchyma lyin^ below the palisade parenchyma 
consists of cells arranged so as to have a large number of 
spaces, and hence this part of the mesophyll is termed 
spongy parenchyma. 
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Fig. 179. Epidermis from the lower surface of JDolklm Lahlah leaf. 
Ep, epidermal cells, Cjw, cell-wall ; gA giiai’d cells ; stoma. 
X300. 



Fig. 180. Vertical section of aogd leaf. (Highly magnihed.) C% 
cuticle ; Ep, epidermis ; h, glandular hair ; Fa.p, palisade 
parenchymg-; Or, calcium oxalate crystal; sp.p, spongy 
parenchyma ; y.J, vascular bundle ; a.c, air chamber / g.c, 
guard cells of the stomata. 
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This distinction of mesophyll, into a compact palisade 
parenchyma and spongy parenchyma, is liable to variations 
according to the habit and the species of the plant. In the 
leaves of a plant growing in an open place exposed to the 



Fig. 181. A portion of the “ skeleton ” of a leaf of Ficus religma. 

sun, the palisade parenchyma wnll be deep and will consist 
of several layers of cells, e.g., leaves of Nerium, Oalotropis 
and the Banyan. Plants growing in a shady place have 
leaves with a single layer of palisade cells, e.g., Yigna and 
Dolichos. In the case of plants whose leaves are exposed to 
the light of the sun on both the sides, this separation of the 
mesophyll into two kinds of parenchyma does not exist. 
For instance, the leaves of grasses do not show this separation, 
but the whole of the mesophyll consists of compactly 
arranged parenchymatous cells. 

The most prominent structure in a leaf is its network of 
vejns, and this part may very well be observed by allowing 
leaves of plants to rot. The mesophyll and all the soft 
tissues decay, leaving only the hard vascular frame work. 
This network of veins is sometimes .called the “ skeleton ” 
of the leaf. (See fig. 181.) ' 
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THE PLANT CELL 

Fbom a study of the structure of the different parts of a 
plant we learn that they are only masses of cells, variously 
modified in shape and size. The cells are generally very 
small and vary in length from about 1/1000 inch to 1/80 inch. 
Inasmuch as every part of a plant is made up of cells we 
must consider them as the structural units of plants, or as 
their elementary organs. A cell, it must be remembered, is a 
morphological as well as a physiological unit. 

The name cell was at first introduced by Robert Hooke 
about the beginning of the seven- 
teenth century to the structural 
units of a thin slice of cork, 
because when viewed under the 
microscope it has the appearence 
of a honeycomb. Until ■ about the 
middle of the nineteenth century 
the importance of the living 
contents of the cell was not fully 
recognized. The fact that the 
Fifi. 182. Tegetable cell ; Protoplasm is the essential part , 

1, cell-wall; 2, strands ; of the' cell was established by 

3, nucleus ; 4, nucleolus; Schleiden so far as plants are con- 

5, chloroplasts ; cerned. Although the term cell 

6, vacuole. an appropriate one, 

it is retained in order to avoid confusion, and its signifi- 
cance is now extended to include the living’ contents 
protoplasm also. The protoplasm of an individual cell is 
sometimes called a protoplast. 

Cells constitute the essential part of a plant body, a^id 
everything that a plant does as a living being is really done 
by the protoplasm. Inasmuch as all the chemical changes 
in a plant are initiatedand kept up by the living substance 
we have to consider the protoplasm to be the seat of all vital 
processes. 

About the complexity of the cell a botanist writes : — 

“ The vital processes exhibited by a cell indicate a com- 
plexity of organization and a minuteness in the details of its 
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mechanism which transcend our comprehension and baffle 
the human imagination, to the same extent as do the im- 
mensities of the stellar universe.” 

Protoplasm.— Protoplasm in the living state is more or 
less a tenacious colloid having a semi-liquid consistency,- 
Ordinarily it is clear, although it often presents a granular 
appearance. Its consistency, general appearance and its 
disposition in the celMepend mainly on the nature of the 
activities of the cells and upon the stage of development. In 
very young parts which are in the embryonic stage 
protoplasm fills the cell completely and it is compact with a 
relatively large conspicuous nucleus. Besides the nucleus, 
several small bodies may be found imbedded in the general 
plasma of the cell occupying the space between the cell-wall 
and the nucleus. This general plasma is called cytoplasm. 
As the embryonic cells get older the appearance of the 
cytoplasm varies. At first small spaces appear which gradu- 
ally increase in size and become the conspicuous vacuoles. 
In adult cells the cytoplasm is reduced to a layer, closely 
adherent to the cell- wall and connected with the more or less 
centrally placed nucleus, by means of strands running across 
the cavity in different directions. Ultimately all these large 
vacuoles may coalesce into a single cavity in some cells, 

^ reducing the protoplast with its attendant organs to a thin 
peripheral layer adhering to the cell-wall. When in this 
condition the protoplasm is sometimes termed “ the prim- 
ordial utricle.” 

Although enclosed by a cell-wall, the protoplasm 
frequently shows movements which may readily be seen in 
the long cells of the leaf of Vallisneria, or in the stamina! 
hairs of Cyanotis. Other particularly favourite ol)jects for 
this purpose are the hairs in the calyx of young buds of 
Cqcurbita. or Benincasa and the internodes of Nitellaor Ohara. 

In the case of Vallisneria the movement of the protoplasm 
is in one direction only. There is only one current which is 
continuous and it follows the cell-walj in the same direction. 
In some cells the direction of the movement may be clockwise 
and in others anti-clockwise. In these cells the protoplasm 
is reduced to the primordial utricle. This kind of movement 
is termed rotation. Many aquatic plants show rotation in 
their cells* 
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The streaming movement in the protoplasm of the cells of 
the hairs of Cucurbita or Cyanotis is more complicated. The 
protoplasmic threads traversing the cell cavity as well as the 
cytoplasm lining the cell-wall show the movement. Within 
the same cell the movement will be in one direction in some 
strands and in others in the opposite direction. Occasionally 
there may be in the same strand streaming movements in 
opposite directions, on.e on each side, ^nch movements go by 
the name circulation. 

Protoplasm is capable of perceiving diferent kinds of 
stimuli and responding to them in a suitable manner. This 
power possessed by the protoplasm is called irritability. The 
specific nature of each cell as well as that of the entire plant 
is dependent upon the control exercised by the protoplasm. 
It initiates and carries out not only the various processes 
connected with the nutrition of the plant, but also those 
connected with both sexual and asexual reproduction. 

A very considerable part of protoplasm in the living 
condition consists of water. Water is absolutely necessary 
for the life of the protoplast and so we always find water 
associated with it. Chemically viewed protoplasm is not at 
all a simple substance. Its exact chemical composition has 
yet to be determined. Prom available data we know that it 
consists of highly complicated unstable substances which are 
subject to continual -changes. Proteids form the largest part 
of it. Active protoplasm is usually alkaline in reaction, 
although under certain conditions it may give a neutral 
reaction. Protoplasm coagulates under high temperature, and 
also when it is brought into contact with acids and alcohol. , 

Cytoplasm. — The cytoplasm is spongy or alveolar in 
appearance. Sometimes it may also present a fibrillar structure. 
It is granular, but when closely examined a clear exterior 
free from granules becomes apparent. This transparent 
external layer is called hyaloplasm. It is really a membrane 
and it is very difficult to make- it out as its thickness is 
approximately O’OOOB mm. This plasmatic membrane is an 
important part of the' cytoplasm and plays no inconsiderable 
part in the process of osmosis. Whenever the protoplast is 
injured, the wofinded surface gets covered by ' tlte plasmatic 
membrane and so it must be considered morphologically a 
part of the cytoplasm. A plasma membrane is formed 
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about the vacuoles also. This controls the passage of 
materials from and to the vacuole, just as the external 
membrane regulates the entrance into and from the protoplast 
as a whole. 

As the protoplasm in every cell is completely enclosed it 
may be thought that there is no organic connexion of the pro- 
toplasts. It is now established beyond doubt that in the mature 
tissues of at least some^vplants there is continuity of protoplasm 
from cell to cell. Extremely fine 
filaments of protoplasm pass from 
the boundary layer of the proto- 
plasm of a cell to the same layer 
of the protoplasm in the surround- 
ing cells either through the entire 
thickness of the cell wall or 
through the pit-membranes. On 
account of these connecting 
filaments of protoplasm the w’hole 
of the plant body becomes an 
organic unit. (See fig. 183.) 

The nucleus. — The nucleus 
is a very important part of the 
Pict. 183. Cells in the protoplast. In embryonic cells 
endosperm of a date seed, full of protoplasm the nuclei 
1, cells with pits? 2, a pit are relatively large in proportion 

lughly maguffied to show to the cytoplasm. Although the 
the fine filaments of .. . , i . 

protoplasm. nucleus is centrally placed in 

actively growing cells, in old cells 
it has usually a lateral position. In the meristematic cell 
the nucleus may be about half the diameter of the cell, and 
it is spherical in shape. Older cells have smaller nuclei 
varying in shape. 

^ To see the structural details of the nucleus staining is 
necessary. A nucleus consists of a nuclear membrane enclos- 
ing a net-work whose meshes are filled with nuclear sap. 
Usually a small compact body called the nucleolus is found 
imbedded in the net- work. * Sometimes more than one may 
occur. The nuclear membrane is really a part of the 
cytoplasm. ^ The reticulum consisting of colourless threads is 
the essential part of the nucleus. The threads do not get 
stained much, but some granular substance within the 
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threads takes a deep stain. The former are called linin 
threads and the latter substance chromatin. 

The nucleus plays a yery important part in the nutrition, 
growth and differentiation of the cells. When protoplasm is 
injured, the part in which the nucleus is found has the power 
to enclose itself by a cell wall, whereas the portion without 
the nucleus has not got this power. The process of cell 
division is initiated by the nucleus. The hereditary charac- 
ters are transmitted only through these nuclei and hence 
they are the carriers of the hereditary characters of the orga- 
nism. Protoplasm when deprived of its nucleus dies. The 
.nucleus consists mostly of a highly complex substance called 
nuclein, and this contains phosphorus. 

The Plastids.— In the embryonic cells very small highly 
refractive bodies are found in the cytoplasm close to the 
nucleus. These specialized hits of protoplasm are called 
plastids or chrornatophores. At first they are very minute, 
but as cells mature they become more numerous, increase in 
size and in consequence they become prominent. They 
develop into the three kinds of plastids chlor op lasts, leuco- 
plasts and chromoplasts. 

Chloroplasts.— The chlorophyll grains found in all green 
parts of plants are chloroplasts. 
In fact the green colour of 
plants is due to the presence 
of chloroplasts. They are 
found scattered in large num- 
bers in the parietal portion of 
cytoplasm. In all higher 
plants these bodies are ellip- 
soidal or somewhat spherical, 
but in algae they assume 
various shapes. The ground 
Tig. 184. Chlorop as s. gu^gtance of these plastids is a 

colourless matrix impregnated with a green pigment. This 
pigment is soluble in>alcohol, and it really consists of a 
green pigment and an yellow one. The green one is called 
chlorophyll and the other, yellow one, is made up of the two 
substances carotin, a red pigment and xanthophyll, an 
yellow one. The chlorophyll grains absorb the ^un’s rays 
apd manpfactupe carbohydrates. 
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Leucoplasts are developed from the rudiments of chroma- 
tophores. They are abundant in the cells of parts of plants 
not "usually accessible to light. They have no colour, but on 
exposure to light they change into chioroplasts. The trans- 
formation of sugar into starch and starch into sugar is their 
main function. 

Chromoplasts. — The red and orange colours of fruits and 
flowers are in many cases due to 
the presence of chromoplasts. 
The colour is' due to the pig- 
ments carotin and xanthophyll. 
Ordinarily chioroplasts change 
into" chromoplasts. This is 
the reason why green fruits 
'become orange or red. Chro- 
Fig. 185. Chromoplasts. moplasts’may also arise direct- 
ly from chromatophores. 

The Cell-wall. — The membrane or the' cell- wall which 
encloses the protoplast is produced by the protoplasm. The 
nature of the cell-wall depends upon the kinds of cells. In 
the young cells of the meristem the walls are so thin that 
they can be seen only with difficulty, but as cells grow in 
length the cell-wall also must necessarily grow in extent to 
^ keep pace with the elongation of the cells. Until the cells 
attain their usual size the cell- wall gTOws only in surface and 
so it remains thin. This growth in extent of the cell-wall is 
due to the introduction of new particles between those 
already existing. Most of the cells do not undergo further 
cliange, but some are subjected to further development. The 
cell-walls become thick. Increase in thickness does not 
usually begin until growth in surface is nearly over. 
Growth in tliiekness is brought about by the laying down of 
no^v layers one above the 'other. In strongly thickened 
walls, such as those of the 'xylem and sclerenchyma three 
distinct ' layers may be made out. Inasmuch as the laying 
down of the thickening substance takes place on both sides 
of the original cell-wall, it remains in the middle of the 
thickened wall. This original layer' often stands out clearly 
because it is generally more highly refractive than the other 
layers of the cell- wall. This layer is termed the middle 
lamella. When the thickening is very great as in ; 
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cliyma, striations are clearly visible in the cell-wall on both 
sides of the middle lamella. The thickening of the cell- 
wall is never uniform. While some portions are thickened, 
other portions are not. Even when the thickening is con- 
siderable small areas remain without being thickened. Such 
unthickened spots look like small pits in surface view and 
as deep canals penetrating the thickness of the cell-wall in 
sections. These pores or pits vary in, shape. They may be 
round, elliptical, or elongated. Further th ese pits in ad j oining 
cells coincide. Sometimes these pits are branched. In sclerotic 
cells branching pits are very common. The pits may appear 



F rci. ISB. Bordered pits. 1, surface view of bordered pits ; 2 , a 
single bordered pits ; 3, section of a pit. 

as simple ones or they may have a border around them and 
then they are called -bordered pits. This curious form of 
pit is seen in the walls of many .xylem vessels. In this form 
of the pit the canal, instead of having the same breadth 
throughout, is narrow in front and very broad towards the 
middle lamella. As such pits usually occur contiguously on 
both the sides of the cell- wall, there will be a lenticular 
space in the cell-wall with the unthickened portion of the 
cell- wall stretched across the middle of this space. In the 
surface view the smaller opening leading into the lenticular 
space appears as a small aperture and the widened border of 
the lenticular area is seen as a border round the small 
aperture. (See fig. 186.) 

In some cases the thickening is very limited, the greater 
part of the cell remaining unthickened. When this is the 
case names are given according to. the nature of the .thicken- 
ing, Yessels or cells are called annular, when the thickening 
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is in the form of isolated rings, spiral if the thickening is 
in the form of a spiral and reticulated if it is in the form of 
a network. (See fig. 52.) 

So long as it is thin, the cell- wall consists mostly of the 
substance cellulose, a carbohydrate having the chemical 
formula GgHioOs. Associated with this is found another 
substance called pectin. The thickened portions in collen- 
chyma also consist of 'Cellulose and pectic substance. The 
thickening of the cell- walls in xylem elements and in scleren- 
chyma is due to the impregnation of the cell- wall with 
various substances and to the chemical alteration of the cell- 
wall. This thickening is said to be lignification. Lignified 
cell- walls stain yellow with acid aniline sulphate, reddish 
violet with phloroglucin and hydrochloric acid and red when 
first treated with a one per cent aqueous solution of perman- 
ganate of potash and then with ammonia. 

The thickening observed in cork cells and in the outer 
layers of the cells of the epidermis is due to the substance 
suberin and cutin respectively. 

Non-living substances found in the cell or cell inclu- 
sions. — The cell being the seat of activity, many substances 
may be produced during metabolism. Some of these sub- 
stances may be soluble, while others are insoluble. The 
main inclusions of the protoplasm are the cell-sap, starch 
grains, aleurone grains and organic or inorganic crystals and 
fat or oil. Besides these in the protoplasm of certain 
plants alkaloids, enzymes, resins and mucilage are found. 

Starch grains, — The cells in the parts of plants that are 
green always contain starch grains. They are really manu- 
factured by the chloroplasts and are usually very small. In 
seeds, rhizomes, tubers and in cells not exposed to light large 
starch grains are found. These grains are large because they 
form the reserve material. Starch grains vary in shape and 
they are prominently stratified. In all grains there will be a 
dark spot around which striations are seen. Some grains 
show fissures radiating from the centre^. (See fig. 209.) 

Aleurone grains.— These are proteid grains found in the 
cells of seeds, especially those containing oil. These grains 
are*teen to the best advantage in the endosperm cells of 
castor seed. In this seed the aleurone grains lie imbedded in 
t}he cytoplasm an^ enclose albumen crystals and globoids 
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the latter consisting of a double phosphate of calcium and 
magnesium. In cereals the aleurone grains are confined to 
the peripheral layer of cells, and they are minute and 
without any inclusions. 

Mineral crystals. — In the vacuoles of cells crystals ai’e 

formed and these crys- 
tals finally occupy the 
whole of : the cell. 
Then the cell loses all 
its other parts and serves 
merely as a store house 
for the crystal. It is 
calcium oxalate that 
forms the crystal. The 
form of the crystal is 

_ . . . very varied. (See fig. 

Fig.187. Aleurone grains. A, castor ; -i no 
B, carthamus ; C, sesamum. ioo.j 

Sometimes they are needle shaped and occur in bundles 





Fig. 188. Crystals of calcium oxalate. A, simple crystal ; 

B, compound crystal ; C, raphides, 

and then they are called raphides. In some plants calcium 
carbonate occurs as protuberances projecting into the cell 
cavity. Such bodies are called cystoliths. They are com- 
mon in the upper epidermal cells of the leaves of several 
species of Ficus. (See fig. 1<S?.) 

10 
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The cell-sap.— This fills the vacuoles and the meshes of 
the protoplasmic net-work. It is usually acid in reaction. 
It holds in olution soluble carbohydrates such as sugars and 
inulin. Occasionally it may contain anthocyanin to which 
is due the colours such as blue, violet, purple and red. 

Form of the cell.— The young cells found in the growing 

points are cubical 
measuring on the 
average *001 or *002 
m.m. These later on 

cylindrical or 
assume various shapes- 
Some cells remain 
Fig. 189. Cystoliths or Ciystals of cylindrical or prismatic 

calcium carbonate occurring in with square ends- 

^ Ficus leaves. usually 

retain their protoplasm and are called parenchymatous cells. 
Some of these young cells elongate very much and their ends 
become very pointed. Along with this change in form the 
cell- walls also become thick by lignification. These are called 
sclerenchymatous cells orfibres. In some plants especially 
those that contain a milky juice, the juice is contained in 
branched cells which are large and very much branched. 
1 hese are laticif erous cells. They are derived from ordinary 
cells. Cells forming definite rows lose their transverse parti- 
tions and become continuous. By such fusions vessels are 
formed. The xylem vessels and the sieve tubes are formed 
by cell fusions and subsequently changes take place in the 
cell-walls.. Laticiferous vessels are also formed, by cell 
fusions. 

Origin of the cell and cell-division. — The nucleus and 
t^Ie plastids found in the protoplast owe their origin to the 
nuclei and plastids of previous generations. Cytoplasm also 
is derived from, pre-existing cytoplasm. None of these are 
formed de novo, ^ 

^ Ordinarily nuclei multiply by means of indirect or 
mitotic dhision. This process,, which is also called karyo- 
kinesis, is a very complicated process. For the equal 
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distribution of the substance of a cell between two daughter 
cells this process is essential. 


When a cell is about to divide its nnclens shows certain 

changes. The cell 



division begins in 
the nucleus and 
ends by the forma- 
tion of a dividing 
cell-wall. The rest- 
ing nucleus pos- 



sesses a 'net- work 
which is delicate 
and diffuse. But 
at the commence- 
ment of the division 
the nuclear net 


work becomes 



coarser and gets 
segregated into a 
number of distinct 
bodies which ulti- 
mately become 
transformed into a 


Fici. 190, A diagrammatic representation of tangle of threads, 

indirect nuclear division. Then the threads 


forming the tangle separate into short stout filaments. At 
'this stage these filaments become very conspicuous on account 
of the presence of chromabin discs embedded in them. These 
threads are called chromosomes. (See fig. 190— -1 to 4.) 
Each of these chromosome threads splits longitudinally so 
that the number of chromosome threads is doubled. In a 
nucleus the number of chromosomes is always a definite 
number. The smallest number of chromosomes found, in^ 
plant cells is three. (See fig. 190 — 5 to 6.) 


While these changes aj;e taking place in the nucleus the 
cytoplasm also shows some activity. The part of the cyto- 
plasm close to the nuclear membrane gets -changed into a 
fibrous layer which rises up from the nuclear membrane at 
two opposite points. The spaces thus formed between the 
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nuclear membrane and the cytoplasmic fibrous layer gradually 
increase, and in them fine cytoplasmic threads make their 
appearance. With the appearance of these filaments, the 
nuclear membrane and the nucleoli disappear. These 
filaments converge at two points opposite one another, one 
towards the top of the cell and the other towards the bottom. 
These two points are called poles. The threads proceed in a 
diverging manner from the poles towards the middle of the cell 
where a division wall appears later. (See fig. 190 — 2 to 6.) 

After the longitudinal fission and separation into distinct 
segments the chromosomes usually take the form of U or L 
shaped rods and arrange themselves about the middle of the 
cell in a single plane, thus constituting an equatorial plate. 
At the equatorial plane there will be twice as many chromo- 
somes as there are in the cell before division. (See fig. 190 — 
4 and 5.) The chromosomes are usually connected with the 
cytoplasmic filaments. Some of these filaments pass straight 
from one pole to the other without being connected with the 
chromosomes at the equatorial plane. The chromosomes 
collected at the equatorial plane divide themselves into two 
halves and one portion moves towards one pole and the other 
portion to the other, thus forming the basis of two fresh and 
equivalent nuclei. As soon as the chromosomes reach the 
pole they become united into a net- work, nucleai* membrane 
is formed and nucleoli also come into existence. By the time 
the groups of chromosomes become transformed into regular 
nuclei a partition wall forms in the equatorial plane and 
the cell becomes divided into two daughter cells. (See fig. 
190—6 to 9.) 

From the foregoing account of the cell division it is 
obvious that the parent nucleus is very exactly divided into 
two equal halves. There is absolutely no material change in 
.quality of ' the nuclei inasmuch as an equal share of the 
substance of each chromosome passes to each of the new 
nuclei. When cells multiply in this manner, each and every 
cell must have exactly the characters of the parent plant. 
In other words each constituent nucleus will bear the full 
heritable qualities of the parent. 

The complicated processes involved in mitotic division 
gfford enough evidepce to hold the view that the qhromoT 
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Somes are tlie bearers of hereditary characters. As a result 
of mitotic division each daughter nucleus receives an exactly 
similar set of chromosomes. Further these sets are exactly 
similar to the original one in the mother nucleus. The 
chromosomes are thus carefully divided and evidently 
perpetuated -without alteration. 

Reduction division. — In plants there is another kind 
of cell division occurring in the mother cells of pollen- 
grains and spores, called reduction division or meiosis. 
The cells of the anthers, ovules and sporangia of cryptogams 
undergo division in the usual manner, until the formation of 
the mother cells of the pollen-grains or spores. The mother 
cell undergoes division twice before it gives rise to the four 
pollen-grains or spores. During the first division the nucleus 
of the mother cell breaks up into chromosomes and these 
chromosomes arrange themselves at the equatorial plane, as 
they do in the case of indirect nuclear division. But the 
number of chromosomes in the case of the pollen or spore 
mother-cells will be exactly the same as the number of 
chromosomes in the vegetative or somatic cells, and not double 
the number, as is the case in ordinary indirect division of 
cells. If in a plant the number of chromosomes is eight in 
the cells, during indirect division there will be sixteen 
chromosomes at the equatorial plate, i.e., double the number, 
and each daughter cell receives eight of them. But in the 
division of pollen mother-cell, at the equatorial plane the 
number of chromosomes will be only eight and each daughter- 
cell will consist of only four chromosomes. After the first 
division, each of the daughter cells with four chromosomes 
again divides and forms four cells and the second division 
taking place is the ordinary indirect nuclear division. As 
the result of these two successive divisions the pollen-grains 
and. spores contain only half the number of chromosome 
found in the cells of the plant body. The reduction of the 
chromosomes occurs during the first division of the pollen or 
spore mother cells. For this reason this mode of cell division 
is termed reduction division. The cells of the plant body 
are called diploid because of the full number of the chromo- 
somes and the pollen grains and spores haploid as they 
contain only half the number of chromosomes ^ 
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CHAPTBE YIIl 

SYSTEMS OF TISSUES 

All parts of plants owe their origin directly or indirectly 
to the cells in the growing point. By constant division cells 
are formed and these gradually change in their character, 
ultimately becoming differentiated into different groups of 
cells or tissues occupying definite places in the plant. The 
extreme tip of the growing point consists of very small cells, 
all alike in size and shape. But, in the cells lying below these 
cells, a certain amount of change becomes apparent in the size 
of the cells, making it possible to distinguish certain definite 
regions. Three distinct regions may be made out in the 
vegetative cones of at least some plants and they are 
dcrmatogen, periblem and plerome. (See figs. 191 and 
192.) - : 


iUMh 



FiO. 191. Longitudinal section of the growing point of the stem of 
Hippuris. x 180. (From a slide prepared by Dr. M. A. Sam- 
pathkumaran of Bangalore.) 

Dcrmatogen is the outermost layer of ‘cells which covers 
both the vegetative cone and the developing leaves and buds. 
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The cells of this layer continue to divide only by walls at 
right angles to the surface. If this layer is followed down- 
wards it will be found to be continuous with the epidermis 
of the stem and leaves. Therefore, we have to conclude that 
dermatogen is epidermis in the embryonic stage. In all plants 
in which the epidermis is single-layered it increases in 
superficial expanse to keep pace with the increase of tissues 
within. The epidermis being the outermost layer, it is always 



Pis. 192. . Longitudinal gection of the growing point of the stelh of 
Hippuris. x 450. (From a slide prepared "by Dr. M. A. Sam- 
pathknmaran of Bangalore.) 

distinct and its cells also look different from the cells found 
inside. 

The central cylinder of the vegetative cone is called 
plerome, and layers of cells lying between the dermatogen 
and the plerome constitute the periblem. A clear distinction 
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between periblem and plerome exists only in certain plants 
while in others it does not exist. In some plants the distinc- 
tion becomes apparent lower down. The periblem gives rise 
to the cortex including the endodermis, and the stele is 
derived from the plerome. In the plerome certain cells, 
a little away from the peripheral part, divide more actively 
and form groups of small cells. These groups of cells are 
called procambial strands or procambium* 



FiO. 193. Loagitudiaal section of the growing point of Elodea stem 

very highly magnified. (From a slide prepared by Dr. W. 

Dudgeon of Allahabad.) 

In most dicotyledonous stems these procambial strands 
occur as isolated strands aiTanged in the form of a ring. 
Subsequently vascular bundles arise from these strands. All 
the parts of the stele, namely, the pericycle, the vascular 
bundles, the pith and the medullary rays, are derived from 
the plerome. 

Meristem. — The aggregate of actively dividing cells in 
the apical portion of the vegetative cones of stems and roots 
of plants constitutes a kind of tissue on account of their 
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similarity in structure and function. All these cells have 
approximately the same form and structure, and are charac- 
terized by their relatively small size and large nuclei. (See 
figs. 191 to 193.) The apical meristem is continually carried 
forward by the enlargement of the cells beneath it that have 
been formed by its own activity, just as a man standing on a 
brick- wall which he is constructing is pushed upwards with 
each successive layer of bricks. The meristem found at the 
apices of growing points of all the branches of a plant owe 
their origin to the meristem of the growing point of the 
seedling of the plant. 

Besides the vegetative cone there are other parts also in a 
plant in which this tissue is found. The cambium which is 
the cause of secondary thickening in stems and roots and the 
cork-cainbium come under this head. But this meristem 
differs from the meristem of the vegetative cones in one 
important respect. While the apical meristem of the vegeta- 
tive cone is derived directly from pre-existing meristem, the 
cambium ring and the cork cambium are formed from paren* 
chymatous cells which have ceased to divide and hence not 
meristematic. On account of this difference cambium and 
cork-cambium must be termed secondary meristem, reserving 
the term primary meristem to that meristem which persists 
as such, throughout its life and which was present as such, at 
the first origin of the member. 

All cells and tissues that have ceased to grow constitute 
permanent tissue. All tissues other than meristem come 
under this category. 

Epidermis. — The epidermis is the membrane or the outer 
layer of cells covering the stem, 
leaves and roots of a plant. 
This tissue is formed from the 
dermatogen. In the vast 
majority of higher plants the 
epidermis consists of only one 
layer of cells, and the cells are 
always more or less flattened or 
tabular. These cells vary a great 
deal in different plants and 
habitats and in different parts of 



Fig. 194. Epidermis and 
Stoma of Aloe leaf. 
Note the thick cuticle 
on the epidermis. 
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tlxe same plant'. The epidermal cells of most ■ dicotyls are 
nearly isodiametric,' while in monocotyls they usually are 
■elongated in the same direction as is the leaf. ' 

In typically developed epidermis the outer walls of the 
cells are usually thickened, and this thickening becomes more 
pronounced in plants which live in dry places or bright 
sunlight. While the epidermal cells that are young are 
undergoing changes m size, the outer wall, as a rule, becomes 
thicker and chemically altered. The chemical alteration 
consists in the addition and infiltration of a substance called 
cutin. The cutinisation and thickening occur only in the 
outer walls, and the side walls remain thin. In addition to 
the thickening of the external wall, cutin becomes deposited 
on it almost in a pure state, so as to form a continuous layer 
over the whole surface of the epidermis. This continuous 
• layer overlying the epidermis is called cuticle and this is very 
prominent, in xeropliytes, such as Agaves and Aloes. (See 
fig. 194:.) 

In some plants wax may be found deposited on the 
cutinised layers of the epidermis. , The so-called bloom on 
stems, leaves, and fruits is due to the deposit of wax. 
Occasionally the walls of epidermal cells are infiltrated with 
silica, as in some Graminese. 

The epidermal cells are in uninterrupted contact with 
each other, the continuity being interrupted only here and 
there where stomata occur. So long as these cells are alive, 
they contain protoplasm which is generally reduced to a very 
thin layer with the sap cavity filled with either colourless 
or coloured cell-sap. The epidermal cells do not generally 
contain chlOroplasts except in the guard cells of the stomata, 
although chloroplasts may occur in rare instances, xilthough 
the colourless rudiments of chromatophores exist in the pro- 
ttTplasts of 'epidermal cells, they do not develop into chloro- 
plastg. Therefore we have to infer that epidermal cells are 
not destined to take part in the process of photosynthesis. 
Very' often the epidermal cells sSrve as water-reservoirs, 
inasmuch as their lateral walls are thin and are capable of 
adaptation to the variations in the supply of water. 

The epidermis on account of the thickening and cutinisa- 
tion' of the external wall forma an excellent protective tissue 
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against loss of water, parasitic fungus and meclianical injury. 
The epidermis is the only, protective tissue existing in herha- 
ceous plants and in herbaceous parts of perennial plants 
Further it is the first, and often the only, protective tissue 
that is formed in plants. Its chief value lies in the protection 
against a too rapid evaporation of water. This function ol 
the epidermis will .he considered later in connexion with 
the work of the foliage leaves. . ^ 

In spite of the cutinisation and thickening of the outer 
wall of the epidermis, comparatively speaking it is to be 
considered only thin. Therefore, it may be thought il] 
adapted to withstand mechanical injury. But considering 
the fact that -the epidermal cells are small and that the radia] 
walls are very numerous and close, any mechanical impaci 
will be borne by the, radial walls very effectively.- Further* 
more, the outer wall of the epidermal cells generally curves 
outward and this also is advantageous. When the outer wal] 
is silicified the walls become more resistant. 

Although the epidermis is single-layered in typical cases, 
it is many layered in some plants, such as Ficuses and 
Nerium. In these cases the exti’a layers serve as very efiicieni 
reservoirs for water. 

The epidermis very often bears on its surface outgrowths 
of various kinds. The simplest outgrowth is. the hair, whicl 
is merely a prolongation of. the outer wall of the epidermis 
In young buds of some plants numerous long hairs form £ 
more or less thick coating, which protects the buds against £ 
too rapid evaporation of water. Some plants have glandulai 
hairs, others branched or stellate hairs. Occasionally the hain 
get infiltrated with carbonate of lime or silica and become 
stiff bristles. Stinging hairs and scales also occur in the 
epidermis of some plants. In some plants prickles are found 
but they are not derived solely from the epidermis.*r^ A 
portion of the sub-epidermal tissue also takes part in theii 
formation. 

The stomata are fionnd in large numbers on the greer 
parts of plants and especially in the leaves. G-enerally th^ 
lower epidermis of leaves contains the largest number oi 
stomata. Some leaves have them on only one side and ir 
others both the sides may have them. In a square millimetei 
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of space stomata average from 100 to 300. As examples of 
leaves liaving stomata on both sides we may mention Gucur- 
bita pepo and grasses. The lower epidermis of the leaves in 
Cucnrbita have about 270 stomata in a square millimeter, and 
on the upper epidermis they average about 28 to a square 
millimeter. In the leaves of grasses both the sides contain 
very nearly the same number of stomata. At any rate, there 
is not very great difference. In the leaf of Zea the lower 
surface has 68 per square millimeter and the upper 52. The 
stomata are mainly useful in the matter of exchange of gases. 

Periderm or cork tissue. — Considering the nature of 
epidermis it cannot be expected to become a permanent pro- 
tective membrane, although it is known to persist for a 
number of years in some species of Viscum and Acer. Sooner 
or later it is replaced by cork, which is formed in the cells 
of the cortex either superficially or deeply. In roots cork is 
derived from the pericycle. 

When fully developed the periderm consists of rows of 
cells forming closely packed tiers without intercellular spaces. 
The cell walls are usually thin but suberised, rendering them 
impervious to both air and moisture. As cork tissue is many 
layered it is more efficient as a protective membrane than 
epidermis, both against loss of water and mechanical injury. 
Air being a bad conductor, the cork tissue which consists of 
cells with plenty of air in them protects the inner tissues 
against injuries that might result from sudden changes in 
temperature. 

Cork begins to form only after a certain amount of second- 
ary thickening has taken place. The appearance of brown 
colour in stems is an indication of the formation of cork. 
The periderm arises from a secondary meristem formed in 
the^ parenchymatous layers of the cortex. This is called 
phellogen or cork combium. Some of the parenchymatous 
cells begin to divide and then phellogen is established. As a 
rule phellogen is a cambium with a persisting initial layer, 
from which cork cells arise outside. In some plants this initial 
layer gives rise to new cells inside also, thus adding to the 
cortex some more layers of cells. These new layers form the 
phelloderm or secondary cortex. 
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Lenticels. — The cork tissue is a continuous layer, except 
where lenticels occur. Lenticels or cortical pores are formed 
simultaneously with the cork tissue. On stems lenticels 
appear as slightly swollen round, oval or narrowly elliptical 
spots or excrescences, and when seen under a lens a lenticel 
is seen to be a narrow slit filled in with some powdery tissue. 

Like cork, lenticels also are formed from phellogen. They 
almost always develop directly under the stomata. The 
cells formed in the case of a lenticel do not at all resemble 
the cork cells. The cells of lenticels are more or less rounded 
and lie loosely with intercellular spaces. In fact a lenticel is 
nothing but a group of loose cells. As new cells are formed 
regularly from the phellogen at the bases of the lenticels, 
they remain for years and may grow to a large size. Besides 
the loose cells, there are also found sometimes intermediate 
bands, shutting off the loose cells from the layers below. 
These closing layers also ultimately get ruptured. The cell 
walls of the loose, cells are not usually suberised, although 
the cells of the closing bands are suberised or lignified. I'he 
phellogen of the cork and that of the lenticels join laterally 
and become continuous. 

Lenticels are obviously intended to facilitate the ingress 
and egress of gases. How this is rendered possible will be 
explained later. 

Mechanical tissues. — The aerial parts of plants, especially 
stems, need a certain amount of strengthening tissue to enable 
them to withstand the strain caused by winds and weight. 
Yery young parts consisting of young cells, which are usually 
firm on account of turgidy, need no special strengthening 
tissue. But as differentiation of cells sets in, other kinds of 
strengthening tissues begin to be formed. The chief mecha- 
nical tissues are collenchyma, sclerenchyma, sclerotic 
cells and wood fibres. 

Collenchyma. — The first mechanical tissue that is formed 
in a stem is collenchyma. Whilst the vascular bundles and 
fibres are forming inside, collenchyma makes its appearance 
beneath the epidermis. At first it consists of a few layers, 
but it goes on increasing with the growth of the stem. This 
> is always found peripherally beneath the epidermis and 
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it does Bot occii'r in any other place. It forms a continuous 
layer in some cases, and in others it exists as isolated strands. 

The special characteristic of collenchymatous tissue is that 
it consists of living cells whose walls are greatly thickened; 
especially at the corners where the cells meet. Sometimes 
the thickening is so 'great as to completely obliterate the 



A, Transverse section ; B, 

longitudinal section ; C, a 106. ' Collenchyma. 1 and 2, 

full fibre in longitudinal Transvernse sections ; 3, longi- 
section. ' tudinal section. 

f . 1 

cavity. The- thickening- is entirely due to cellulose. Collen- 
chyma owes- its origin- to -the parenchymatous cells of the 
cortex. < - . . 

The chief function of collenchyma is to give strength to 
parts of the stem still growing. -The great thickening of the 
cells affords the necessary strength, whilst the living contents 
enable. '.the cells to grow and keep pace with the increase of 
the tissues within. 

Sclcrcnchy-ma. — This tissue is specially intended to give 
strength to parts that have ceased to grow in length. It is 
ound in the; stem either as .a continuous layer, or as isolated 
strands.'. In ? the: cortex of several plants sclerenchymatous 
bundles,, may be seen -forming regular net-works. It is not 
nnusualrto ffnd them alternating with phlo§m masses. Yery 
often. 'portions of'the pericycle change into. fibres. In the 
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xylem isolated fibres are found mixed witli the other elements 
of xylem. 

The vertical elongation, lignification of the walls, the 
tapering ends and the very close interlacing to form bundles 
so characteristic of fibres make them not only strong hut also 
elastic. The main use of sclerenchyma is to afford sufficient 
strength to the members in which it occurs. Besides giving 
mechanical strength, sclerenchyma is intended to protect soft 
and delicate tissues 'Such as phloem. 

Sclerotic cells ■ of stone cells result when cells ■ undergo 
thickening without elongating 
^yery much. These are charac- 
terised by very great .thicken- 
ing, appearing as. distinct 
striations'and by the' 'pksession 
of very conspicuous branched 
pits. (See fig. i97*0’ They 
occur in the cortex, pericycle 
aiid the pith, either singly or 
in masses. In the hard parts 
of fruits and seeds they are 

Fig. 197. Stone cells. abundant. In fact the hard 
part consists of stone cells. 

Wood fibres.— The sclerenchymatous fibres occurring in 
the xylem, though similar to the ordinary fibres occurring as ' 
bundles, are very much shorter in' length and- their function 
is tO' hind and connect the other elements of the xylem. 
The character of the wood is affected hy the proportion of the 
amount of fibre present in it. 

Vascular tissue and vascular bundles. — As already 
stated, a typical vascular bundle of a dicotyledonous stem 
consists of the three parts, xylem, phloem and the cambium-. 
All these three parts in a primary vascular bundle are derived 
from the procamhial strands. In a prbeambial strand tue 
inner portion becomes differentiated into xylem and the 
outer portion into the phloem, while :a small portion lying 
between these two parts* remains unchanged in the dicoty- 
ledonous stem. This layer persisting, in the- primary vascular 
bundle continues to he meristematic and hence it is called a 
cambium. As it is within the vascular., bundle, it is ' called' 
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fascicular cambium. Yasciilar bundles with cambium are 
termed open vascular bundles. 

The xylem portion consists of vessels or trachea, wood 
parenchyma and fibres. A vessel is formed by the fusion of 
a vertical row of cells. The transverse walls are completely 
absorbed and the ■ cell walls become variously thickened. 
Vessels are named according to the nature of the thickening, 
and we have already spoken about the different kinds of 
vessels (see page 47). These vessels .or trachea are intro- 
duced to carry water from the roots to the leaves.' 

The wood parenchyma cells have usually thickened walls, 
pitted or not. ; These cells are mainly useful in the storage 
of water and reserve ' food materials. The cells of the 
medullary rays of the - xylem are parenchymatous cells with 
lignified walls. ■' 

The phloem portion of a, vascular bundle is an assemblage 
of sieve tubes Tvitli companion cells and phloem parenchyma. 
Sieve tubes are thin-walled vessels with perforated transverse 
plates or sieves, , and they are always associated with com- 
panion cells, at least in Angiosperms. The parenchymatous 
cells are usually small cells, with thin walls. 

The sieve. tubes contain protoplasm when they are young, 
but without huciei. ' The contents of the active living sieve 
tubes consist of proteids, amides, minute starch grains and 
carbohydrates. The sieve tubes are the channels for the 
translocation of proteids and allied substances. 

The parenchymatous cells of the phloem are usually small 
and seem to be useful in the translocation of carbohydrates 
and also for the storage of proteids and other substances. 
Phloem remains in an active condition for one year usually, 
although it may continue its activity for a longer period in 
some plants. 

In monocotyledonous stems the procambial strands 
15lcome differentiated into xylem and phloem without any 
part of it persisting as cambium. The whole of the procam- 
bial strand is used up and these bundles are called closed 
vascular bundles. (See fig. 198.) TWie open bundles of the 
dicotyledonous stems are called collateral vascular bundles 
(see fig. 199) because the xylem and phloem- are on the same 
radius one behind the other, In some stems phloem occurs 
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0 X 1 both the sides of the xylem and such bundles are called 
bicollateral vascular bundles. (See fig. 200.) In the roots 
of both monocotyledon ous and dicotyledonous plants the 



Fig. 198. A closed vascular bundle. 


xylem and the phloem lie side by side on different radii in the 
primary vascular bundles. These bundles are called radial 
vascular bundles. All vascular bundles end in the leaves. 
These descend into the stem from each leaf, and after traver- 
sing one or more inteimodes they branch and fuse with the 
bundles that enter the stem at the lower nodes. So all the 
vascular bundles of the stem are continuous. The vascular^ 
bundles descending into the stem from a leaf form the leaf 
trace bundles. All the vascular bundles disposed in the form 
of a ring in the stems of dicotyledonous plants are composed 
of leaf trace bundles. As the bundles are common to both the 
stem and the leaf, they are called common bundles. The 
upper part of the bundle which runs through the cortex 
U 
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towards the leaf is termed leaf-trace. Within the stem the 
vascular bundles run parallel to the epidermis through the 
internodes, but at the nodes there is a considerable amount of 
branching and intercommunication of these bundles. 



Fro. 199. A collateral vascular bundle. 1, sclerenchyma (peri- 
cycle); 2, phloem; cambium ; 4, xylein. 

, Parenchyma.—The gneat hulk of- the cells found in the 
cortex, pith of stems and in the leaves constitutes parenchyma. 
The cells of parenchyma are all living cells and vary in 
shape. The cell-walls consist .mostly, of cellulose. As the 
cells of this tissue contain protoplasm they serve various pur- 
goses. They carry on the work ' of storage of food materials, 
assimilation and nutrition. They - also contribute towards 
mechanical strength by their turgidity. 

Laticiferous tissues.— In the stems and leaves of many 
plants milky juice abounds, as in Euphorbia, Ficus and 
Lactuca. This milky juice or latex is usually contained in 
branched cells or in branching and anastomosing vessels. 
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Tlie latex tubes in Euphorbia, in Asclepiads and Apocyiiads 
are cells developed into branched tubes. These tubes only 



Fig. 200. A bicollateral vascular bundle. 

branch but they do not anastomose. On the other hand the latex 
vessels in Lactuca and Argemone are vessels and are formed 



Fig. 201. Latieiferous system. 1, slightly maguified ; 
2, highly magnified, 


11-4 
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by fusion of cells. These always anastomose and form 
networks. (See fig. 201.) 

Latex is usually a white milky juice, and it is occasion- 
ally watery or yellowish. This liquid contains gums, resins, 
caoutchouc, ' fat and • wax in emulsion. In some plants 
enzymes and poisonous alkaloids, are also found in the latex. 
As these substances are of the nature of excreted products, 
the tubes are often to be regarded as reservoirs of excreted 
substances. However, occasionally, starch grains and proteid 
grains occur in the latex. In such cases it is probable that 
latex tubes serve for' storage and transport of nutritive 
material. 

Glandular tissue. — This tissue varies very much in its 
structure. The glandular hairs occurring as outgi*owths of 
the epidermis are of the simplest kind. The terminal cell of 
such hairs usually functions as a gland. But cells, other than 
the terminal one, may also secrete. 



4 * 

Fig. 202. Glandular hair and oil glands. 1, side view and 2, top-view 
of a glandular hair of Ocimum Basilicum ; 3, glahdular 
hair of Petunia j 4, oil gland of Citrus. 
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Sometimes a group of cells of the epidermis and sub- 
epidermal tissue secrete honey, thus forpiing a nectary. 
Generally nectaries are met with in the parts of flowers. 

There are also cavities or passages formed in various 
parts of plants in which, ethereal oils, gums and resins are 
secreted. The oil glands seen in the leaves and in the rind 
of the fruits of the lime and orange trees are really cavities 
formed by the destruction of some of the cells. Such 
cavities are termed lysigenous cavities. Resin ducts or 
passages also, occur in plants and these are formed by the 


z 


Fio, 203. Resiu ducts. 1, transverse section ; ' 

2, longitudinal section. 

separation of cells first so as to form a slit in the intercellular 
space and then by further separation it becomes wider. ^ 
Resin ducts occur in the cortex in the stem of Hehanthus. 
Such passages as these are called schizogenous cavities or 
passages. 
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OHAPTEE IX 

THE WORK OF THE VEGETATIVE ORGANS 
OF A PLANT 

As a plant is a liying organism we should expect its life to 
be similar to that of an animal in all essential respects. 
Like animals plants also have to eat, and without food they 
cannot live. We know, from the study of seedlings, that 
a young plant gets its food from the cotyledons or the 
endosperm. But very soon this source of supply fails, and 
it is forced to obtain food from other sources. 

A very young plant still in the course of development 
does not show the characteristic features of vegetable life, 
until it begins to lead an independent life, i.e., until the roots 
penetrate the soil so as to get a firm hold, and the shoot 
stretches into the air towards the light. A plant is capable 
of living independently, as soon as foliage leaves are formed. 

When we recall to our mind the main structural features 
of a flowering plant, it at once becomes obvious that all the 
food materials that a plant needs must get into the interior 
of the plant body, either as a liquid, or as a gas. Further, it 
^ must obtain everything it wants, either from the atmosphere, 
or from the soil. It is evident that substances in the soil 
needed for the plant have to get into the plant body only 
through the roots. 

For a clear understanding of the kinds of substances 
absorbed by the root from the soil, and the manner of 
absorption, we should learn something about the soil. 

Ms in which plants grow usually consist of two 
substances : (1) humus or organic matter resulting from the 
decomposition of plants and animals, and (2) mineral matter 
chiefly consisting of sand and clay in various proportions. 
Humus gives to the soil a loose open texture and it is capable 
of retaining a very large amount of water, besides containing 
plenty of plant food. 

In most soils we find sand, clay and humus ; but these 
vary in their relative proportions in different places. A soil 
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is said to be sandy, if the proportion of sand is high ; and 
such a soil is more open, more porous, warmer and drier 
than clay soils. A pure sandy soil is of no use to a plant, 
for practically it contains nothing that is likely to be of use 
to the plant. A soil containing a large amount of clay with 
a very small quantity of sand is called a clay soil. And this 
soil tends to form a hard compact mass and so the roots of 
plants cannot penetrate it. When wettod it becomes sticky 
in texture, impervious to water and impenetrable to the roots 
of a plant. It is possible, by a proper admixture qf humus, 
clay and sand, to obtain soils of any desired consistency or 
texture, and also of any grade of fertility. 

Soils may be classified as follows : — 

Sandy soil ••• ... 80 to 100 per cent sand. 

Sandy loam ... 50 to 80 „ 

Loam 40 to 50 „ „ 

Clay loam ... ••• 20 to 40 „ ■ 

Clay ... ••• 0 to 20 „ „ 

A soil which is good for growing plants will contain a 
certain amount of water ; and this water will generally exist 
as isolated drops held by the soil particles between them and 
it may also remain as thin films adhering to the soil particles. 
The remaining space is filled with air. (See fig. 51.) For the 
proper development and growth of the root-systems of land 
plants, this air is absolutely necessary. When the soil is 
water-logged through lack of drainage, this air is excluded 
and the root-systems of these plants suffer very much. 

The work of the root. — In the embryo plant which is 
just trying to come out of the seed, the part which develops 
first is the root. It is so, as the plant needs water for growth, 
and water is available only in the soil, and therefore, the roots 
of plants find their way into the soil. Thus from the Very 
commencement roots have not only to take on themselves the* 
work of absorbing water from the soil, but they have also to 
fix the plant in' the soil. We must now try to learn how a 
root absorbs water and which part of it is actually concerned 
in this work. 

. Absorption of water is an essential feature of a living 
cell. Plants of low organization and submerged aquatics 
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absorb water tliroag’li the entire surface of their bodies. In 
land plants this work is restricted to the young parts of 
roots, and the root-hairs. 

, In the ordinary soil, water exists as fine films firmly 
held by the surface forces of the particles of the soil. For 
absorbing the water, thus existing in the soil, in sufficient 
quantities and as quickly as possible to meet the demands of 
the plant, roots must have a large amount of surface. From 
the free branching of the roots a certain amount of increase 
in surface results. By the formation of the root hairs there 
is a further increase of the surface for absorption. In a root 
of Zea Maysohout 1/17 inch in thickness 450 root- hairs were 
found in ’01 square inch of space. The root-tip of a Pea 
plant was found to have 230 root-hairs in a square millimeter 
of space. The root-hans grow at their tips and get into the 
air spaces. When a root-hair comes in contact with a soil 
particle it stops growing in length, .then bends and flattens 
itself firmly over the particle. The very delicate cell- wall 
just where it comes in contact with the soil particle becomes 
mnoilaginons. Thus it is obvious that the root-hairs not 
only tend to increase the surface for absorption but also 
bring about a very close contact with the soil and soil water. 

A root-hair is merely a living cell very much elongated. 
Like an ordinary cell it consists of a cellulose membrane 
enclosing a vacuolated protoplasm. We know that proto- 
plasm will be active only when there is water. And so it 
should have an inherent capacity to absorb water. 

The p^cess of absorption really consists of tlmee distinct 
pro cess es, yi%imb_ibition, q^osis and protoplasmic, absorp- 
tiqp. 

The cell-wall of the root-hair is highly hygroscopic and 
consequently it adheres very firmly to the soil particles. 
jThe film of water round the soil particles gets into the cell 
membrane by overcoming the cohesion of the molecules of 
the cell-wall. The cell-wall swells and even becomes muci- 
laginous as a result of this entrance of water into it. Water 
enters the protoplasm also, and thus makes both the cell-wall 
and the protoplasm more porous. This is o])vious because 
there is swelling. All these are included under the term 
imbfibition. 
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By mere imbibition the process of absorption cannot go on 
continuously. There must be some other force at work to 
ensure continued absorption of water. It is a well-known 
fact that when two fluids or solutions of unequal density are 
close together and only separated by a porous membrane, the 
fluids or the' solutions will get through the membrane and 
mix with each other. At first the weaker solution will flow 
towards the membrane and get into the stronger solution, 
and later on the stronger solution will diffuse through the 
wall into the dilute solution. This double diffusion through 
the membrane will go on until the density is the same on 
both the sides. This process of diffusion is usually spoken 
of as osmosis. The diffusion into the denser liquid is termed 
endosmosis, and that in the reverse direction is called 
exosmosis. 

A close observation of the behaviour of cells containing 
coloured cell-sap, such as those of the staminal hairs of 
Cyanotis, or of petals or of the rind of fruits, when laid in 
water and in salt solution will convince us that water is 
absorbed by cells. Such cells when mounted in pure water 
show under the microscope the cell- wall, the cell-sap inside 
the cell and a thin layer of protoplasm in close contact with 
the cell- wall. On replacing the water by an aqueous solution 
of potassium nitrate of about 10 per cent strength a remark-’ 
able change takes place in the cells. The protoplasm instead 
of remaining close to the cell-wall shrinks away from it, 
leaving a wide space between itself and the cell- wall. Within 
the protoplast there will be the coloured cell-sap, now 
diminished in quantity. This shrinkage of the protoplasm 
caused by the strong salt solution is called plasmolysis and 
the cell is said to be plasmolysed. On removing the salt 
solution and introducing pure water the protoplast regains 
its original condition. When cells are placed in potassium 
nitrate solution the solution passes through the cell-wall 
freely, but the layer of protoplasm, instead of letting the 
solution to pass through it into the vacuole, it allows a cer- 
tain amount of water to pass through it to the outside to mix 
with the solution, and this is why it shrinks. As the coloui 
is confined to the cell-sap within the protoplast even aftei 
plasmolysis, it is obvious that the pigments to which th( 
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colour is due do not- pass througli the protoplasmic layer 
although water has passed out. In other words, while the 
cell- wall is permeable 'to both water and the substances 
dissolved in it, the protoplasmic layer is not so permeable. 
So long as- the cell is living the protoplasmic layer will be 
only semipermeable, i.e., permeable to certain substances but 
not to others. This guardianship of allowing only certain 
substances and water to'^pass through the protoplasmic layer 
is held tO' be the function of the outer hyaline protoplasmic 
membrane, hyaloplasm. 

This semi-permeability is not confined to protoplasm. 
There are also other non-living membranes especially those of 
a colloidal nature that are semi-permeable. For example, the 
precipitation membrane formed when two solutions are 
brought in contact and collodion membranes are of this 
nature. If a membrane of collodion be tied to the mouth of 
a thistle funnel tube, filled with water containing a small 
quantity of tannin and lowered into a beaker of glass con- 
taining a Aveak solution of iron sulphate, the clear solution 
within the thistle tube gradually becomes black whilst the 
liquid in the beaker remains quite clear. On reversing the 
arrangement the water outside becomes black, but not the 
Avater in the thistle tube. Thus it is clear that tannin does 
ruot pass through the membrane, but only Avater and iron 
salt do so. The precipitation membrane formed when 
copper sulphate solution comes in contact with potassium 
ferrocyanide is permeable to water but not to either copper 
sulphate or potassium ferrocyanide. If a drop of a strong 
solution of copper sulphate solution is allowed to come in 
contact with a weak solution (3 per cent) of potassium ferro- 
cyanide in a beaker through a fine tube, a membrane is at 
once formed at the end of the fine tube, which Avill burst 
du<e to ' entrance of Avater into the copper sulphate solution 
from the beaker. Once again a membrane Avill be formed 
which would again and again SAvell and burst due to pressure 
caused by entrance of water. 

A root-hair is a membranous bag filled with water in which 
various substances are dissolved. The film of water adhering 
to the soil particles is a weaker solution compared with the 
water inside the cell-wall. And according to the physical 
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laws of osmosis, water in the soil will flow into the root-hair 
through the cell-wall. The porous wall will also be wetted 
by the cell-sap from inside, and the cell-sap being denser will 
tend to diffuse into the soil if we assume the protoplasm also 
to be as permeable as the cell- wall. If this goes on continu- 
ously there will be no absorption of water into the plant. 
But in the root-hair we have a semipermeable membrane 
with soil water containing easily diffusible salts in very small 
quantities on one side and the cell-sap consisting of water 
and organic substances which are colloidal, and hence not 
capable of diffusion, on the other. The protoplasmic layer 
is permeable only to water in the cell-sap but not to several 
substances in it. The soil water is a weak solution compared 
with the cell-sap. Therefore, soil water must of necessity 
get into the root-hair. As protoplasm is living and active 
there will always be highly osmotic substances in the cell-sap. 

The ordinary process of osmosis is thus modified in the 
root-hair of a plant, in such a manner that water will pass 
freely into the root-hair, but the diffusion of the cell-sap 
from the root-hair into the soil is rendered difficult, if not 
impossible. The protoplasm lining the wall of the root-hair 
allows endosmosis to go on, as it has a great affinity for 
water. But the current in the reverse direction (exosmosis) 
will be extremely slow. Generally the cell-sap flowing out- 
wards is very small in quantity and is acid in reaction. This 
acid reaction is -due to the presence of carbonic acid. The 
roots of land plants, according to the researches of scientists, 
do not seem to excrete any free acid except carbonic acid. 
The solvent action of the root is entirely due to the action of 
the carbonic acid. 

The protoplasm of the root-hairs, in addition to the power 
of modifying the ordinary process of osmosis, may be said to 
have the po w’er of selection as well. Water is very rarel3?» 
absorbed as it exists in the soil. The protoplasm has not got 
the same affinity for both water and salts. It has a greater 
attraction for molecules^ of water when there is more salt, 
and will take in more salt when the water is dilute. This 
selective power of protoplasm in the root-hair, by which it 
takes up water and soluble salts without strict regard to their 
proportion, is of very great importance to the plant. ‘ 
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The flow of water from the root-hair into the adjoining 
parenchyma of the cortex is in accordance with the ordi- 
nary laws of osmosis. From the cortex Avater gets into the 
Yasciilar blind] ts. 

Soon after absorption of water, a cell becomes turgid and 
the internal pressure becomes greater. All the parenchy- 
matous cells of the cortex of the root become turgid: The 
pressure in all these Cells increases and this pressure is called 
the root- pressjire,. . 

In this connexion the endodermis is believed to be of 
great use to the root in preventing Avater from passing later- 
ally outAvards. This layer is Avell developed in the root and 
on account of the thickening of its lateral and inner walls, 
Avhich is due to suberisation, it is impervious to water. In 
younger stages some of the cells of the endodermis do not 
undergo thickening, as they are meant to facilitate the passage 
of water from the cortex into the vascular bundles. As roots 
get older these cells also disappear and all the cells of the 
endodermis possess the thickening. 

In several plants the root-systems have other functions 
besides the normal function. For instance in Iimmma Bata- 
tad the roots SAvell and begin- to -store starch. As other 
examples AVe may mention the roots of Radish, Carrots, etc. 
Sometimes roots help the plants in clinging to supports. 

Roots of land plants possess the power of reacting to the 
external' conditions and accommodating themselves to them. 
Their growth and development depend upon many conditions. 
The amount of water in the soil, its quality and concentration, 
amount and character of the food material, the temperature 
of the soil and its aeration are the factors that influence the 
development of roots. Roots are always highly sensitive to 
moisture, and this is expressed by saying that roots are 
hydrotropic. Young roots have always a tendency to go 
towards places Avhere there is water, even overcoming 
geotropic tendencies, if necessary. 

The power of adaptation possessed by the roots is of great 
use to the life of the plant. Typical land plants have roots 
that are capable of normal growth even Avhen the medium 
of the root-system is changed- from soil to water. Hence 
Avater culture experiments are possible. 
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Tlie formation of the root-hairs should also he considered, 
as they are the organs directly concerned in the work of 
absorption. A dry soil is not favourable for the development 
of root-hairs ; but in an atmosphere saturated with water 
vapour the development of root-hairs is most marked. Soil 
conditions most unfavourable for the development of root- 
hairs are lack of moisture, resistance of anything that is hard 
and too high a concentration of the water in the soil. 

The development of the root-system as regards its shape 
and position depends also upon the kind of the plant, pro- 
vided that the root-system is adapted to the external conditions 
as far as it is possible. For instance, the roots of a Cholam 
plant springing from the seed sown -in the soil at the usual 
depth, as well as those of the same plant arising from seeds 
sown somewhat deep develop in the same layer of the soil. 
If the rhizomes of Canna or Curcuma are planted very deep, 
the new branches arising from the deep rhizomes are all 
directed upwards until they attain the normal depth of the 
soil. 

The work of the stem.— The stem grows above- the 
ground and so its medium is air. Just as the root-system 
absorbs water from the soil the shoot-system takes in some- 
thing from the. air. Evidently the materials absorbed by the 
shoot-system must be quite different from those absorbed by 
the roots. The root-system should have a large amount of 
surface for absorption, and it is the root-hairs that bring about 
this increase. The shoot-system bears as appendages leaves, 
and they are the parts that take in substances from the air. 
So the leaf surface is the most important part of the shoot. 
In all land plants thei;e are two surfaces, the root-surface and 
the leaf-surface. These two surfaces must be in constant 
intercourse. And these two surfaces are connected by the 
Stem. 

In all ordinary plants the leaf-surface and the root-surface 
have the stem between them. But this intermediary organ, 
the stem, is not a very essential organ to the plant, in the 
same way that the leaves and roots are. We have instances 
of plants having stems that are poorly developed, as in 
Crepis, Taraxacum, or the - Kadish. In all these plants the 
leaves lie almost fiat upon the ground, 
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The water absorbed by the root-system gets into the 
xylem of the root and, as this is continuous with the xylem 
of the stem, it passes into the stem. The vascular bundles of 
the stem are prolonged as veins into all parts of the leaves. 
They may be compared to a series of pipes, serving to collect 
the water absorbed by the root, to carry it with relatively 
slight loss through the stem and to distribute it to all parts 
of the leaf. Thus transport of water is one of the duties of 
the stem. 

That water is transported in the stem and the leaf, only , 
through the xylem, can very easily be demonstrated by a 
simple experiment. Place a fairly well developed seedling 
of any plant in water, coloured red with eosin, and after an 
hour or two examine transverse sections cut through the 
stem and root, In the stem the xylem alone will be red, 
whereas in the root all the parts, root-hairs, the cortex and 
the xylem will be stained fed. 

Considering the fact that considerable amount of 
water is passing through the xylem which is nearer to the 
periphery than to the centre, it is obvious that it should be 
properly protected against evaporation. In all young stems 
the epidermis affords enough protection, and in the roots the 
endodermis and the exodermis are useful ip this direction. 
But in older stems and roots, in which secondary thickening 
is going on, a more effective imembrane is required. So we 
find in these periderm or cork tissue taking the place of 
the epidermis. Besides forming a -very .efficient water-proof 
covering,, cork also Affords protection :against the had effects 
that may result when sudden changes of temperature occur, 
because it is. a; very bad conductor.. The importance of cork 
a s a w ater-pro ofipg material -can be realized by the fact that 
a potato deprived of its- cork- covering loses im two days sixty 
times as much water as an unpeeled one of equal weight. 

^ It must' not 'be forgotten that -the stem has to support 
leaves, buds, flowers anfl fruits .besides being the channel for 
the conveyance of water. 

The upward movement of water through the xylem 
cannot be due to osmosis, because the xylem elements have 
all thick walls. But instead, imbibition and infiltration are 
possible, The chief cause of this upward moYement of water 
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is still an enigma, as none of the explanations so far advanced 
are satisfactory. Root-pressure, capillarity, evaporation from 
the leaf surface and osmotic pressure are undoubtedly the 
probable causes. Of these the most important factor is the 
evaporation of water from the leaves. When a cell loses 
water by evaporation, the loss will immediately be made 
good by the passage of water into this cell from the neigh- 
bouring, cell. This second cell will effect the third cell and 
this in its turn the fourth and so on. The loss of water 
from a cell by evaporation makes the cell-sap denser and 
this leads to an increase in the osmotic pressure of the leaf 
cells. The effects of transpiration will be felt by all the 
cells from the root upwards. In conclusion, we may safely 
consider transpiration to be one , of the chief factors con- 
cerned in lifting the water up the stem. 

The work of the foliage leaves. — The part played by the 
leaf and its importance to the life of the plant was not known, 
until the end of the eighteenth century. Before that period 



. . Fig. 204. Net-work of veins. 

the leaf was considered to he a useless organ. But now we 
■know that the leaf is as important an organ as the root, nay 
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even more important. It is the leaf that prepares for the 
plant its chief food. So an eminent botanist says that “ the 
leaf embodies the very essence of a plant life.” 

"" To understand the work of the leaf it is necessary to recall 
to our mind the main features of its structure. The mass of 
parenchymatous cells forming the bulk of the leaf are held 
together and kept in position, by the network of veins, and 
covered over on both 1;he sides by the epidermis. Stomata 
are most abundant in the lower epidermis. They are either 
fewer in the upper epidermis or they are absent. There are 
air cavities immediately below the stomata. 

The foliage leaf is an organ specially adapted for the 
reception of light and absorption of gases. It is also the 
chief place for the loss of water by evaporation. 

Of all the organs of the plant, it is the leaf that needs 
water in large quantities. The water absorbed by the root 
reaches the veins of the leaf, and from there it passes to the 
parenchymatous cells. 

The fine net-work of veins besides forming a very efficient 
frame work to keep in position the mesophyll cells of the 
leaf is also useful in carrying water to eviery nook and corner 
of the leaf, so that all the cells of the ii^.esophyll may draw 
water. Further the cells of the bmidlei sheaths bordering 
.the veins take in the water from ti%^eins very readily to 
deliver them to the palisade and spongy parenchyma. They 
are also useful in helping thef transfer of food from 
parenchyma to the sieve tubes. 

The thinness, flatness, the horizontal position and the 
arrangement pf the parenchyma are favourable conditions 
for the evaporation of water from the leaves. However, 
evaporation does not seem to take place all through the 
surface of the leaf, because the epidermal cells are cutinised 
on the free surface. The actual transpiring surface is the 
surface of the cells bordering on air spaces both in palisade 
and spongy parenchyma. Water escapes into these air 
spaces and then this gets out through the stomatal openings 
into the air. This escape of water as vapour leads to the 
concentration of the cell-sap in the cells bordering the air 
cavities, and water from the neighbouring cells will diffuse 
into these cells, As this process takes place in all the cells, 
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there will be a sort of backward suction which may be 
considered as one of the chief causes for the ascent of water. 

The amount of water transpired by the leaf surface of a 
plant depends upon the structure of the leaf. A leaf having 
a loose structure possesses a large number of air spaces, and 
consequently transpiration from such leaves will be' very 
rapid. There are^seveml other factors influencing transpira- 
tion. Moisture in the air affects this process- If the air is 
dry, loss of water will be greater ; if saturated with moisture, 
transpiration will be retarded considerably, if not entirely 
stopped. If the temperature of the atmosphere is high, 
transpiration will be rapid and when the temperature is low, 
the amount of transpiration will be reduced very greatly. 
Leaves lose more water when there is wind ; but on a calm 
day there will not be much loss. 

The stomata play an important part in the regulation of 
transpiration. The guard cells of the stomata are capable of 
movement and by this means the opening may be varied. 
The factors concerned in causing these movements are light, 
humidity and water content. The mechanism by which the 
opening is narrowed or widened is very simple, The guard 
^ ceils are fixed at their ends, but the inner and outer walls are 
free. As these cells are generally active, especially in the 
presence of light they draw water from the epidermal cells 
hat are adjoining. The x^esult of this activity of the guard 
cells is to cause -the inner walls to become more and more 
convex. We know that these cells are' firmly joined to each 
other at the ends, so the increased turgidity forces them 
apart. If the evapora-tion ■ tends to increase, or if the water- 
supply is inadequate, the guard cells lose their turgidity and 
the inner wall becomes less convex and the strain on the guard 
cell is removed and consequently the opening is narrowed. 

The amount of water transpired by a pjant can b^ 
determined very easily by weighing the plants growing in 
pots. Before weighing they should be covei^ed so as to 
prevent evaporation from the pots. 

The amount of water escaping as vapour from the leaves 
of a plant during the day time is very considerable. A tall 
well-grown sunflower plant transpires about a litre of water 
in a day. A large tree such as the Banyan possessing about 
X2 
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200,000 leaves is estimated to' give off about 500 litres of 
water in a day. 



Fia. 205. Potometer. (Parmer’s.) 


In botanical laboratories the loss of water by evaporation 
from the leaves is usually determined indirectly by the use 
of a set of apparatus called potometer. With the aid of this 
apparatus it is easy to determine the amount of water which 
a cut branch takes up within a certain period of time. Since 
the rate of transpiratioii from the leaves of a cut branch is 
about equal ^to the rate'^dt absorption, the amount of water 
absorbed may be taken as a^^sure of the loss of water by 
transpiration from the leaves. are several types of 

potometer, but the one figured here originally 

devised by Professor Farmer is most convenient to use. 
This consists of a wide-mouthed bottle fitted with a coi% in 
which are bored three holes, the one intended for the cut branch 
being a little larger than the other two. The smaller holes 
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are intended for the insertion of a thistle funnel tube with a 
stop-cock or a glass rod and for a capillary tube bent at the 
two ends and provided with a scale. (See fig. 205.) The 
branch intended for the experiment must be cut under water 
and the cut end kept under water for some hours or prefer- 
ably over night. When the branch is required for fitting in 
the potometer, remove under water carefully with a sharp 
knife or razor a short piece from the ci^it end. Submerge 
under water in a basin or some other vessel the bottle and 
the cork. 

Transfer the cut branch carefully into a tumbler, of 
course under water, and. dip the tumbler with the branch 
into the water in the basin and then insert the cut end of the 
branch into the large hole of the cork. Then insert the cork 
in the mouth of the bottle, press it down well and see that 
the cut end of the branch is below the level of the water 
within the bottle. Thrust into one of the small holes the 
thistle funnel tu.be or a glass rod, and into the other, one end 
of the capillary tube, taking care that it is flush with the 
lower surface of the cork. After lifting the -whole apparatus 
from the water, close the stop-cock and see that the cork is 
water tight. If necessary wax or plasticine may be used for 
this purpose. At the free end of the ^capillary tube a small 
bubble of air is allowed to get in and then the end- is dipped 
in water. The air-bubble serves as an index to measure the 
amount of water absorbed. By manipulating the thistle 
tube or the glass rod the air-bubble may be sent back and 
several readings may be taken. 

Another very convenient form of potometer- is the one 
(see fig. 206) devised by Professor Ganong. It is easy to 
set up and can be got ready within a very short time. The 
method of using it may be learn! from- the study of the 
figure. The precautions to be taken as regards the branch 
are the same as for Farmer’s potometer. 

The potometer is very useful as it enables us to obtain 
records very quickly. Further it may be used to obtain 
results under different conditions, such as still’ air' inside, 
opep. air outside, in diffuse light, in sunlight tod in situa- 
tions where there, is gentle breeze,’ 

12-A 
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The entrance and evaporation of water from the leaves 
are only means to an end, and this end is the manufacture 
of carbohydrates. The primary function of the Ipf is 
undoubtedly photosynthesis. So its structure is such as to 
facilitate this process in every way. , One of the essential 
conditions for this synthetic work is the access of carbon 
dioxide. The entrance of this gas into the mesophyll cells 
is chiefly through the stomatal openings. The epidermis 



Fig. 206. Potometer of Ganong. 

being usually dry and also cuticularised is impervious to 
this gas. When the stomata are open to facilitate the passage 
of caihon dioxide into the mesophyll, there is nothing to 
prevent water from escaping as vapour through the same 
way. In fact it is impossible to* stop this escape of water 
vapour. So it is clear that t rans piration is unavoidable and 
that it is an accompaniment^qf p^ .wpi:k, 

Transpiration, though an incidental process instead of being 
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a primary one, is useful as it is an important factor in main- 
taining the current of water which is necessary to supply water 
as well as salts to the chlorenchyma. Another advantage 
of transpiration is the prevention of injury from excessive 
heat to the plant by lowering the temperature. 

Although the unavoidable process of transpiration is 
necessary, excessive transpiration is a m,enace to the life of 
plants. In nature many plants suffer from this and hun- 
dreds of them die in consequence. By contrasting the plants 
of a species growing in places where there is an abundant 
supply of water with plants of the same kind in dry places 
one can realise to what an extent, excessive transpiration is 
harmful. On a very hot day we see in cultivated dry fields 
cholam or other crop plants badly wilting, because the loss 
of water as- vapour from their leaves is 'more than the absorp- 
tion of water from the roots. Unless a plant manages to 
maintain a proper balance between loss and supply of water 
it cannot thrive. If the soil is well supplied with water then 
plants do not suffer much. If on the .other hand, the soil 
is dry and water scarce even a small amount of transpiration 
may prove harmful. 

. Inasmuch as transpiration cannot be stopped without at 
the same time interfering with the work of starch formation, 
plants must be able at least to prevent excessive transpira*- 
tion. In land plants the e^pidermis in the.^jeayes are vei:y 
useful in this connexion. It forms a most efficient wate r- 
proof" membrane, though thin, in virtue of the fatty character 
of the mitin in the cuticularised external walls of the 
epidermal cells. The efficiency of the epidermis can be 
inferred from the fact that an apple whose epidermis is 
peeled off loses in three hours twenty times the amount of 
water that escapes from an intact apple. 

Plants growing in very dry regions are in grave danger 
of losing much water’ by transpiration and, unless they 
develops some means to protect themselves against this 
excessive loss of water, they run the risk of extinction. 

■ By a close examination of plants growing in a dry region, 
it will be seen that the means adopted by them for protec- 
tion are most varied. But they are all intended to lead 
to the same result, the reduction of the transpiring surface, 
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■Tlie epidermis is always ready to check undue evaporation 
by developing a thick cuticle. There will also be a great 
reduction in the number of stomata. The palisade paren- 
chyma becomes very much pronounced by becoming 
vertically elongated and by increase in the number of layers. 
Outgrowths such as hairs, scales, waxy bloom, etc., are also 



means of protection. In some cases the leaves become 
reduced, and in others leaves do not at all develop. 

Movements of gases and aerating system in plants.— 

Since the vital process of respiration in plants is dependent 
upon the. supply of oj^rgen, it is necessary that there must 
exist in every plant some arrangement to ensure the access 
of oxygen to all the cells. No doubt oxygen can difuse 
from cell to cell, but it can reach only short distances in this 
manner., By diffusion through cells this gas cannot be 
expected to reach distant places quickly, and consequently 
oxygen is not likely to be readily available in sufficient 
quantity when needed. So the only satisfactory arrangement 
would be to have spa,ces in the proximity of cells so that 
each cell may have at least a part of its surface exposed to 
air-space. The large number of small and large intercellular 
air-spaces that we see amongst cells serves this purpose. 

While every cell in a plant requires oxygen, cells contain- 
ing cWoroplasts jieed carbon^ diox^^^^^^ addition to obtain 
one of "the*^ ingredients of the carbohydx’ate food material 
which these cells have to manufacture. The primary func- 
tion of the mesophyll cells of leaves being the work of 
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carboliycbate synthesis, large quantities of carbon dioxide 
must be absorbed by these cells. But this gas exists in small 
quantities only in the atmospheric air, namely three parts in 
10,000 parts of air. Therefore, a plant must have in it 
special facilities for the admission and distribution of carbon 
dioxide. We find, accordingly, an elaborate aerating system 
in the higher plants. 

The stomata and the lenticels afford passages for the 
entrance of carbon dioxide and oxygen. The epidermal cells 
and cork cells do not allow these gases to pass' through them, 
although epidermal cells vjhen not cuticularised may allow 
these gases to go through them if they are moist. Below 
every stoma there is a prominent cavity and this is in 
communication with large’ air spaces in the spongy paren- 
chyma. Even in the palisade parenchyma there are 
numerous small intercellular spaces. In fact intercellular 
spaces are abundant in parenchyma wherever it may be 
found. So the intercellular spaces in the leaves become 
continuous with those in the stem. The beginnings of inter- 
cellular spaces are seen even in the meristematic tissue at 
the growing points. These intercellular spaces become 
larger, irregular and more numerous in older portions. 

The aerating system consists of the stomata, lenticels and 
the most irregular and extensive intercellular spaces found 
in all the parts of the plant. The aerating system not onl:^''’ 
attains its maximum development, but it is also very strik- 
ing in aquatic plants. Large caiials or spaces arise in the 
softer tissues of the stem, in leaf stalks and other parts. 
Sometimes, especially in the stems, stellate or branched cells 
with branches in contact only by their tips, leaving large 
spaces for gases occur. All these air spaces have direct com- 
munication. with the outside atmospheric air through the 
stomata only in marsh plants. In submersed aquatic plants 
no stomata are formed and so the internal atmosphere caibuot 
possibly be directly connected with the outside atmosphere. 

The stomata are very minute pores, the area of one pore 
being when fully open only 0*000092 millimeter on the 
average. Therefore it is re^ly puzzling how these minute 
pores could afford sufficient passage for a sufficient quantity 
of carbon dioxide and oxygen. But we must remember the 



184 MANUAL OS’ BLEMBlifTARY BOTANY 

fact that air diffuses with very gi'eat ease through a mem- 
brane drilled with minute holes, especially when these holes 
are not round but elongated slits. Further, the stomatal 
passages are not really small for the molecules of oxygen or 
carbon dioxide. Professor Ganong has pointed out that the 
capacity of the stomatal openings for gas passage is far in 
excess of that implied by their areas, and that an ordinary 
stoma when open, presents to a molecule of carbon dioxide 
or water an entrance or exit as great, as a passage seven miles 
wide appears to a man. As already stated the large number 
of stomata existing within a small ai*ea also facilitates the 
passage. In the Helianthus leaf about 17,5 in the upper 
epidermis and 825 in the lower to a square millimeter have 
been found. A Ficus leaf is said to have none on the upper 
and 145 on the lower epidermis of the leaf. A leaf of Zea 
Mays is known to have 94 on the upper and 158 on the 
lower epidermis. 

Other factors which influence the inflow or outflow of the 
gases are diffusibility and solubility of gases in , water and 
their utilization within the plant. The pressure mainly 
determines the direction of the passage of gases, and in 
plants there will be always difference between the air inside 
and outside, inasmuch’ as the gases oxygen and carbon 
dioxide are used up and further their solubility and powers 
of diffusion are not the same. It must be remembered that 
carbon dioxide is far more soluble in water than oxygen. 

The aerating system, no doubt, exists mainly to facilitate 
the absorption and distribution of carbon dioxide, but at the 
same time it affords easy passage for the water vapour also. 

All plants, like animals, need food for their growth and 
development ; and the substances used by plants, as well as 
animals, as food, are the organic substances starch, or carbo- 
hydrates, proteids' and water. Animals obtain these sub- 
stances from plants or other animals. Except water, the other 
substances cannot be obtained by plants from the soil. From 
the materials supplied by water absorbed by the roots and 
from carbon dioxide, leave^are able tohnake carbohydrates, 
and from this substance proteids can readily be prepared. 

In a germinating seed the growing embryo gets its food 
from the cotyledons or the endosperm, where it is stored. 
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This source of supply lasts only for a short time. As soon as 
green foliage leaves appear the plant will be able to prepare 
its food. If it is capable of doing this, we should be able to 
detect one or other of these stuffs in the leaves. In plants 
we find starch in all parts. Audits presence can be made 
out by the use of an aqueous solution of iodine. Starch 
turns blue on coming into contact with iodine, and, there- 
fore, it is easy to demonstrate the presence of starch in leaves 
by the use of iodine. Obtain some foliage leaves from a 
plant which has been growing in the light and steep them in 
hot water for sometime. Next immerse these leaves in 
alcohol until they become white. Select one or two of the 
leaves thus bleached and place them in a shallow dish con- 
taining iodine solution. After a while they turn blue, or 
black according to the amount of starch present. If we 
examine a -leaf taken from a plant kept in the dark for 
sometime for starch , we do not find any. Therefore, we have 
to infer that s tarch mak es its app^rance only when the leaf 
is exposed to lighf. 

Formation of Starch in leaves. — On exposing a starch- 
free leaf, detached from a 
plant kept in darkness for 
some time, to light by placing 
the leaf. in a vessel containing 
water, starch will be found 
in it. .From this .simple ex- 
periment it ' follows that 
starch is fornied in green 
Im-^. Further, it must be 
remembered that formation 
of starch takes place only in 
parts of leaves, actually 
bathed by the rays of light. 
Portions of leaves not ex- 
Fig. 208 Steucil-oovered leaflet POSed to light, even though 
of Dolichos showing starch contiguous with the parts 
formation. exposed to light, are free 

from starch. These facts can be demonstrated by iexposing 
a leaf for a day, after covering it with a stencilled plate 
or paper. A leaf thus exposed, when bleached and 
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immersed in iodine solution turns blue only in places 
exposed to sunlight, and the portions covered and not exposed 
remain clear showing the absence of starch. (See fig. 208.) 

, -Starch is an organic compound consisting of the elements 
^carbon, oxygen and hydrogen. We know that there is 
plenty of water in the foliage , leaves, and this is the source 
for the two elements hydrogen and oxygen. The third ele- 
ment carbdn is obtained from the carbon dioxide fouhd in 
the air and this gas gets into parenchymatous cells of the 
leaf through the stomata. 

From water and the carbonic acid, thus obtained, the leaf 
constructs starch. For this constructive work, both chloro- 
phyll and light are necessary. This process of con- 
structive work going on in the leaf is called photosynthesis, 
because it is one of combining simple elements into a 
compound, and this is possible only in the presence of 
sunlight. , The first visible product of photosynthesis is 
starch, and starch grains are found within the chlorophyll 
grains. However, in green plants' sugar seems to be formed 
at first and then, it is changed into starch. The cell-sap gets 
saturated with sugar and this condition will interfere with the 
work of the protoplasm, if at least a portion of the sugar be 
not remoyed or disposed off in some way or other. Further, 
! the activity of the chloroplasts will be very much hampered 
by this concentration of sugar in the parenchyma of the leaf. 
Part .of this sugar is changed into starch and, as starch is 
insoluble, there will be no interference with the osmotic, 
activity. 

. It must not be supposed that the process of photosynthesis 
is a simple one ; it is a very complicated process and it 
probably consists of a series of processes. We have already 
said that oxygen and hydrogen are obtained from water and 
' carbon ■ from the carbon dioxide of. the atmosphere. Both 
water and carbon dioxide are very stable compounds, and as 
such a great deal of energy is required to split them. 

To separate carbon from carbon dioxide the energy 
required is about the energy expressed by the temperature 
1,300 degrees centigrade. Ordinary sunlight is incapable of 
decomposing carbon dioxide or water, and if so there would 
be no carbon dioxide or water vapour in the atmosphere. 
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We know that in a' leaf no starch is formed in the absence of 
light. Of course, starch cannot be expected to be formed in 
a leaf, if carbon dioxide is withheld. Since light and chloro- 
plasts are essential for the process of photosynthesis we 
sTibiild infer that the chloroplasts are able to obtain energy 
from the rays of sunlight. Light is absorbed and it is con- 
verted into some form of energy, pipbably electric energy. It 
is obvious that photosynthesis takes place in the chloroplasts, 
but we cannot definitely say whether both the protoplasmic 
stroma and the pigment are concerned, or only one of them 
in this process. However,' it is generally held that the func- 
tion of the green pigment 'chlorophyllin is to provide 
energy for the process. 

The foliage leaves are green and so also is the alcoholic 
extract of chlorophyll. This is because a portion of the 
white light falling on them is absorbed by them, only a 
part being reflected or transmitted as green light. With 
the help of a spectroscope we can determine what portions of 
the spectrum are absorbed. On interposing between the light 
and the spectroscope a solution of chlorophyll, we' find that 
a part of the red and orange an'd a good portion of the blue 
and violet, disappear completely from the spectrum, while 
the green is unaffected. From this we' have to infer that the 
rays of light absorbed by chlorophyll are concerned In 
photosynthesis. That it is so can be demonstrated easily. 
Plants, from whose leaves starch has been depleted by keep- 
ing them for some time in darkness, when exposed to green 
light show no starch in their leaves, while it is abundant 
in the leaves if exposed to red and white light. Under blue 
light a certain amount of starch is formed. Thus it is clear 
that light ^absorbed by chlorophyll, especially the red rays, 
is vmy effective in food-formation. 

%e know that in a leaf no starch is formed in the absence 
of light. Of course starch cannot be expected to be formed 
in a leaf, if carbon dioxide is withheld. Since light and 
green colour are essential for this process we should infer 
that the green chloroplasts are able to obtain energy from 
rays of light. Light absorbed and converted into electric 
energy is hsed for the separation of carbon from the carbon 
* dioxide. 
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In the leaf carbon dioxide and water are in some way 
broken up and their elements are re-arranged so as to form 
carbohydrates, oxygen being given off. The evolution of 
oxygen takes place only when the plant is exposed to sun- 
light. That oxygen is given off, when photosynthesis is 
going on, can very easily be demonstrated. Place in a glass 
vessel, which is filled with water a few leaves of any aquatic 
plant, such as Ottelia, Hydrilla, Vallisneria, etc. Invert over 
the submerged leaves a glass funnel, and, then invert over the 
funnel tube a test tube filled with water. On exposing the 
whole of the apparatus to sunlight for sometime, bubbles of 
gas will begin to rise from the cut ends of petioles or bran- 
ches. After an hour or two a considerable amount of gas 
•will be accumulated in the upper part of the test tube. This 
gas will make a red-hot splinter burst into flame, and this 
is the regular test for oxygen. The evolution of oxygen 
from green plants goes on as long as there is sunlight and 
carbon dioxide. 

The special feature of leaves is to make carbohydrate 
food-material, and there the spongy and palisade parenchyma 
are directly concerned in this work. From the very simple 
substances water and carbon dioxide the chloroplasts manu- 
facture sugar with the assistance of the energy derived from 
sunlight. The exact details of the process are not certainly 
known. The hypothesis advanced by Von Baeyar is accepted 
by physiologists. According to this hypothesis carbonic acid 
is at first reduced by some means or other to formic acid and 
this later into formaldehyde. From formaldehyde sugar is 
formed. All these details may be represented by the follow- 
ing chemicals equations : — 


C02 + H20 

or 

= H. COOH + 0 

OH. COOH 

Formic acid 

Carbonic acid 

H. COO.H 

== H. COH + 0 

Formic acid 

Formaldehyde. 

6 (H. COH) 

= CeHizOs. (grape sugar) 

Fol'maldehyde 
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The fi^st product of photosynthesis is sugar and, in most 
cases, glucose although cane sugar makes its appearance in 
a few plants. 

The amount of sugar resulting from photosynthesis 
depends upon the supply of carbon-dioxide and the intensity 
of light. Up to a certain limit the more the carbon-dioxide 
the more is the sugar formed. But too strong a light retards 
the formation of sugar. There is a minimum and maximum 
intensity of light for this. Of course the limits vary with the 
kind of the plant. To have a general idea of the amount of 
sugar formed, we may take as a conventional average figure, 
one gramme as the quantity made by one square meter of 
leaf space, in one hour in diffused light. 

In leaves starch is found in abundance within the chloro- 
plasts, and so this is to be considered as the first visible 
product of photosynthesis, though not the first product. The 
formation of starch, it must be remembered, is not dependent 
upon light. In stems, tubers and other parts of plants to 
which light cannot have access starch is found. As a matter 
of fact starch is formed from sugar. The starch grains found 
in chloroplasts are very minute, whereas storage or reserve 
starch grains are large. 

Sunlight being the source of energy for photosynthetic 
work, it is obvious that in its absence no sugar can be formed. 
Further, the formation of chlorophyll also is dependent upon 
light. Seedlings grown in darkness are devoid of green 
colour and become tall. 

The chloroplasts need only a light of a certain inten- 
sity and if the light is of greater intensity than 
that, chloroplasts are injured. But when light becomes 
intense, the injury is avoided either by the movement of the 
leaves as a whole so as to change the incidence of the light 
rays, or the chloroplasts move away towards the side| of 
cells. Out of the light falling on the leaves only about 40 
to 70 per cent is absorbed by the leaves, and only 10 to 20 
per cent actually enters the chloroplasts, and the amount 
actually utilised in photosynthesis is still less, being only 
0*5 to 3 per cent. 

The process of food making is not completed with the 
formation of sugar, Besides sugar nitrogenous material b 
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also needed in the nutrition of plants, because protoplasm 
consists mostly of proteids. Therefore proteids also must be 
manufactured by the plants. The process of proteid synthesis 
does not seem to be restricted to any particular organ like 
photosynthesis. The presence of chlordplasts is not a 
necessary condition, because plants without chloroplasts, such 
as fungi are able to manufacture proteids. It can take place 
in light as well as in darkless and possibly in any living cell. 
In spite of the fact that in any living cell this process can go 
on, there is every reason to think that most of this work is 
carried on in the leaves. Large quantities of the nitrogenous 
substance in the form of amides are found in mature leaves, 
especially when their activity is at its height, and this cannot 
be accounted for except by thinking that it is made in the 
leaves. 

For the elaboration of proteids, substances containing the 
elements carbon, hydrogen, oxygen, nitrogen, sulphur and 
phosphorus are needed. Inasmuch as the sugar contains 




Fig-. 209. Starch grams. A, Starch grains of Potato. 
f B, Starch grains of DoUchos Lahlab. X 500. 

carbon, hydrogen and oxygen, it is evident that this substance 
can be utilized as a foundation material in the process of 
proteid synthesis. The water which is'^absorbed by the roots 
and which reaches the mesophyll of the leaves contains salts 
such as nitrates, sulphates and phosphates. Since amides 
make their appearance in leaves we have to suppose that 



THE WORK OF THE YEGETATIYB ORGANS 


191 


carbohydrates are converted into amides. Later on amides' 
become modified into several kinds of proteids by the 
incorporation of the elements sulphur and phosphorus con- 
tained in the sulphates and the phosphates. The energy 
needed for the dissociation and combination of this proteid 
synthesis comes from chemical actions connected with 
respiration. 

In this world the only place wh^re organic matter ’is 
formed from simple inorganic substances is the green leaf. 
All organic matter existing in this world, however different 
they may be, wherever they may be found must have been 
derived or formed from substances manufacttired by the leaf; 
So nature’s laboratory for the formation of organic matter is 
the chloroplast found in green plants. The life 'of the whole 
of the organic world is dependent on the process of photo- 
synthesis. If there is hp photosynthesis no animal can live. 
All the stored-np energy of this world is traceable directly 
or indirectly to this process. 
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CHAPTER X 

FOOD OF PLANTS 

Nature of plant food and its utilization.— We kncAv 
that plants manufactee large quantities of organic substances, 
and obYiously these are intented for their use as food. What 
constitutes the food of plants may easily be inferred from a 
consideration of the reserve food stored in seeds. The food 
required for the growth of a seedling as well as for the 
growth of an adult plant must be the same. From a study of 
the structure of the seeds and their germination we know that 
the reserve stuff consists of starch, sugar, fat or oil and 
proteids, and that these substances are used up during germi- 
nation and growth of the seedling. Both plants and animals 
use the same kind of material as food, but plants differ from 
animals in being able to make these substances from simple 
mineral substances. The food material is used by the plant 
for two purposes. Plants grow and, therefore, they need 
material from which to build up their tissues. They are 
able to assimilate the food material into their own living- 
substance. The nutritive material, it must be remem])ered, 
is useful to the plant only after it has undergone various 
chemical changes. All the chemical changes occurring- in 
plants constitute metabolism. Those processes which result 
in the formation of more complex substances and lead to the 
increase of material constitute constructive metabolism or 
anabolism. One use of food is thus to serve as material from 
which to build up the various parts of the plant ))ody, and 
the other use is to supply energy which must necessaidly be 
expended in all kinds of work the plant has to do. When 
protoplasm or other material is made use of for releasing 
energy it diminishes in quantity instead of increasing. In 
fact, the, supply of energy is due to^ the breaking down of 
complex substances built by the activity of protoplasts. 
These chemical changes resulting in the’ loss of material are 
included under the name destructive metabolism or 
katabolism. 
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Storage of food. — Plants, in virtue of the possession of 
chloroplasts, are in a position to make large quantities of food 
material. Inasmuch as only a portion of this can he 
utilized in the fprmation of new tissues and in the repair of 
protoplasm, accumulation of food is inevitable. The surplus 
food is stored in various parts of the plant. This storage of 
food material is undoubtedly of great advantage to plants, 
because the demand for food is not the same at all times. 
Sometimes the photosynthetic activity may be at a stand- 
still, and yet the need for food may be great. During the 
time in which the plant is vigorously growing more food may 
be needed. On all these occasions the stored food may be 
utilized. 

The most convenient places for storage are the seeds, 
stems and roots. The leaves of a plant are highly specialized 
organs intended to perform the definite work of making 
food, and, as such, they are unsuited to serve as storage 
organs, although the photosynthetic sugar may be tempo- 
rarily stored as starch in chloroplasts. If the mesophyll 
cells of leaves become permanent storage places for reserve 
food, the main function of food-making would be interfered 
with very much. Stems and roots, on the other hand, in 
virtue of the possession of parenchyma' in abundance, are 
particularly well adapted for storage. If sections of stems 
and roots are examined, starch grains will be found in most 
of the parenchymatous cells containing protoplasm. The 
modified stems, rhizomes, tubers, corns, etc., contain large 
quantities of reserve food. In fact the modification in these 
cases is the result of the excessive storage of food material. 
As the reserve food is in close proximity to the growing 
points in these parts of plants they are capable of quick and 
vigorous development. 

Storage forms of food.— The reserve food, whereveiH 
it is stored, consist^, of carbohydrates and nitrogenous sub- 
stances. The most common forms of carbohydrates occurring 
as reserve stuff are starchgs, sugars and fats or oils. Different 
kinds of proteids and amides are the chief representatives 
of the nitrogenous kind. 

Starch.— This is undoubtedly the most common reserve 
stuff and it is also one of the most stable and permanent 
13 
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forms in wMcli tlie food is stored. Starch occurs as grains 
in all parts of the plant, and these grains are especially 
abundant in seeds, rhizomes, etc., and this is the reason why 
man uses them for food. The food value of tubers, rhizomes 
and corms mainly depends upon the amount of starch con- 
tained in them. 

There is a considerable amount of variation in the shape, 
size, and lamination of these grains according to the kind of 
plants. Generally starch grains in seeds, tubers and rhizomes 
are much larger than in the ordinary roots and stems. The 
characteristic striations of starch grains are either concentric 
as in DoUchos LaUab seeds or eccentric as in potato. Some 
times irregular cracks also occur. (See fig. 209.) The for- 
mula for starch is n (CeHioOs). Just as starch grains found 
in chloroplasts are formed from sugar, so even reserve starch 
grains are formed from sugar, and leucoplasts are concerned 
in this transformation. 

Sugar. — Although glucose and fructose are almost always 
found associated with active living cellSi they do not occur 
in large quantities. The only sugar which accumulates in 
any quantity to form a storage product is cane sugar or 
saccharose. As examples we may mention sugarcane, the 
beetroot and some, of the palms. 

Cellulose and Inulin. — In some seeds, such as those of 
date and cofiEee, the reserve carbohydrate is in the form of 
cellulose, or strictly speaking, hemicellulose. The cell 
walls of the endosperm in these seeds become excessively 
thickened, and the thickening is due to the deposition of 
hemicellulose. In some plants belonging to the family 
Compositse the carbohydrate occurs as inulin. The bulbs of 
Jerusalem artichoke is a good example for this. 

Fat or oil— In many seeds the reserve stuff takes the 
^ form of fat or oil and these seeds are of very great economic 
importance. Oil usually exists as very fine drops, diffused 
in the protoplasm of the cells of the endosperm or coty- 
ledons. 

Proteids. — All seeds contain proteids, but in some in 
small quantities and in others in large quantities. If they 
axe in the form of minute amorphous particles or in the form 
of a net-work, they cannot be made out, Sometimes they 
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assnine regular shapes as in castor and gingelly seeds and then 
they are called “ aleurone grains.” In the cereals the proteid 
accumulates in a layer of cells just outside the endosperm 
and this layer is therefore called “ aleurone layer.” In 
many leguminous seeds proteid is present as minute particles 
side by side with starch in the cells of the cotyledons. 

It must not be supposed that these various kinds of 
reserve food occur independently. They always occur asso- 
ciated together although one form may predominate. 

Digestion. — In all higher plants plant food is formed in 
one place and it is stored in a different place which is usually 
somewhat far removed from it. So food has to be trans- 
located from the place of production to the place of storage, 
and it has also to move from there to places where it is to be 
used. Generally the reserve food is incapable of diffusing 
through cells in the form in which it is stored. Therefore, 
it has to be transformed into a soluble and diffusible substance, 
if it is to migrate into other parts of the plant. This trans- 
formation of an insoluble substance into a soluble one and of 
an indiffusible one into a diffusible one is called digestion. 
The changes characteristic of digestion result in the breaking 
of compounds into simpler substances. The agents concerned 
in this process are enzymes, of which there are many in 
plants. 

Of the enzymes acting on carbohydrates the one affecting 
the starch, called diastase, is found widely distributed in 
plants in the leaves, in germinating seeds and in other places 
where starch is stored. Diastase converts starch into malt 
sugar. 

n ( CeHioOg ) + 6 Hs 0 = OisH^aOu 
Starch Water Maltose 
There seem to be two distinct kinds of diastase, one corroding 
the grains in an irregular manner from . outside, so that the 
grain loses its usual shape, and the other dissolving the grain 
evenly and uniformly, so that the shape is not affected 
though there may be a decrease in size. Invertase is the 
enzyme which changes’' the cane sugar into glucose and 
fructose. 

OisHsaOii "h HsO — CeHiaOe CeHisOe 

Saccharose Water Glucose Fructose 
13-a 
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Maltose is -changed into glucose by maltasc and the sugar 
inulin is converted into fructose by inulase. Another 
enzyme which turns hemicellulose into sugar is termed 

cytasc. 

Fats and oils get split into fatty acids and glycerine by 
lipase. Proteids are transformed into soluble proteids by 
what are called tryptic enzymes. 

Conducting tissues. — The food materials formed in the 
mesophyll tissue of the leaves must sooner or later migrate 
to storage places, or to those parts of plants where growth is 
actively taking place. That there is a translocation of 
carbohydrate from the leaves is easy to demonstrate. If a 
leaf, detached from a plant just at sundown, is bleached in 
the usual way and then tested for starch, there would be an 
abundance of starch. On the other hand, a leaf detached 
from the plant at sunrise and similarly tested for starch 
would show only a small quantity of starch. 

The carbohydrates and nitrogenous substances formed in 
the cells of leaves diffuse into the parenchymatous cells 
surrounding the veinlets. And from there they pass on to 
the veins through the veinlets. 

Since the veins join the midrib of the leaf food material 
will pass through the midrib into the petiole and thence into 
the stem. The fact that food materials actually pass through 
the veins is easy to prove. If in a leaf w^hich is lobed we 
cut one of the main veins in the evening and detach the leaf 
in the morning and subject it to a test for detection of starch, 
we would find plenty of starch in the lobe into which the 
severed vein runs and in the other lobes the amount of 
starch would be very much less or there may be none. 

As soon as the food reaches the stem it may pass up, or 
down, or in both the directions. Since the food material 
jiravels through theweins of the leaves and then through the 
vascular bundles of the petiole and stem, it is obvious that it 
must travel through the xylem or through the phloem. We 
have evidence that the tracheal tissues of the x'ylem and the 
sieve tubes of the phlogm caiTy the food. The xylem vessels 
are particularly well adapted for a rapid movement of water 
and so sugar, amides and proteids which are soluble in water 
can easily be transported through the xylem vessels. But 
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the great portion of the food material passes through the 
phloem, and in fact it is the highway for the vertical passage 
of food through the stem. The sieve tubes contain plenty of 
carbohydrates,- proteids and amides. If the continuity of the 
phloem is wholly interrupted by girdling a stem all round, 
down to the wood, it will be seen that growth is slow or 
absent below the girdle. A cutting with its bark completely 
girdled at the lower end placed in the’ soil or water produces 
adventitious roots in abundance above the decorticated 
portion and, in the part below, few or none appear. In the 
case of plants having’ bicollateral vascular bundles, removal 
of the bark would interrupt only the external phloem, and 
the inner strands of phloem would be intact and food would 
pass all right. 

Besides the vertical transmission of food through the 
vascular bundles, there may also be translocation in the 
direction especially through the medullaiy rays. In this case 
the passage may be for storage or for the removal of stored 
food stuff. The intimate connexion of the medullary i“ays 
with the cells of the xylem on one side and with those of 
the phloem on the other, and their large number make them 
efficient organs, not only for storage but also for radial 
translocation. 
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OHAPTBE XI 

NUTRIENT SAUTS AND WATER-CULTURE 

The water absorbed by the root hairs from the soil is not 
pure water. It usually contains all th soluble salts present 
in the soil. Water is of fundamental importance to the life 
of the plant, and the mineral salts also are necessary for the 
growth of plants. If we try to grow plants by supplying 
them with pure water only they do not thrive, whereas they 
grow well in river water, and still better is the growth of the 
plants, when a watery extract of soil is given. 

The water in the soil contains a number of mineral salts 
of which many are useful for plants, and the salts at the 
disposal of plants on the surface of the earth are really 
unlimited. Water also is generally available over a large 
part of the surface of the earth. This accounts for the 
existence of green vegetation everywhere in this world. 

A knowledge of the chemical composition of plants will 
enable us to know what elements plants need for their 
gi’owth. In a liying plant the most abundant ingTedient is 
water, and in some cases, especially in fleshy plants, it may be 
as high as ninety, per cent of the tkal weight of the plant. 
In the case of woody plants it may be as much as fifty per 
cent. So the solid substances in a plant may vary from ten 
to fifty per cent. 

When plants are burnt in a fire at first they get charred 
and in the end the whole of the lot is burnt away and there 
IS left only some fine white ash. The conversion of the parts 
of plants into charcoal, while combustion is 'proceeding, is a 
sufficient proof that there is carbon in the body of a plant. 

, Very nearly half the dry weight of a plant consists of carbon. 
This element forms not only a predominant one but also 
' the most important element in all the compounds which 
build up the living organism, because the molecular combi- 
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nations wMch carbon is capable of forming is most varied. 
Since during the process of combustion of a plant water 
vapour, carbon dioxide, ammonia and a gas containing sxiiphm 
are given off, it is evident that water, carbon, nitrogen and 
sulphur besides the ash must form the constituents of the 
plant body. 

The percentage composition of plants gives an indication 
that carbon and its compounds or organic substances are of 
great importance to plants. But, so far as the ash constituents 
are concerned, it gives no clue as to which constituents are 
essential and which not. Eurther, these constituents do not 
exist in the plant in the same combination as in the ash, for 
ash is the result of combustion. 

If we compare the results of the analysis of a number of 
different kinds of plants, we find that the number of inorganic 
substances present in plants is very considerable and that 
whilst certain elements are present in all plants others occur 
only in certain plants. For example, plants growing in some 
soils contain in their ash traces of zinc, copper, cobalt and 
other rarer elements. The same species of plants growing in 
other soils do not show even a trace of such elements. 
Therefore we may regard these as being not essential for the 
plants. The elements potassium, calcium, magnesium, 
phosphorus, sulphur, iron, silicon, chlorine and sodium are 
universally present in plants, and, therefore, they are of 
general occurrence. At the same time, we must bear in 
mind, that because a substance is invariably present in a 
plant it does not necessarily follow that it is essential. What 
elements are essential and what are not can be determined 
only by experiment. 

Taking advantage of the fact that plants take in every- 
thing they need only through the medium of water, Sacb^ 
and Knop during the middle of the last century reared 
plants by the method of water-culture and demonstrated that 
certain elements are essential, while others are not. In water- 
culture, plants are made to grow in glass jars containing 
distilled water to which certain known salts are added, in 
some definite proportions. They may be grown in pure 
sand also by watering the sand with the prepared solution 
(sand-culture). 
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Fig. 210. 
Water-culture. 


For water-culture experiments seeds 
whose seedlings are capable of rapid growth, 
such as those of beans and maize, are ger- 
minated in clean moist sawdust or sand ; and 
when the radicle is well developed the seed- 
ling is fixed in the lid of the jar (see fig. 210)* 
For success in water-culture experiments the 
jars sliould be very clean. So they must be 
thoroughly rinsed with dilute nitric acid 
first, and then with an aqueous solution of 
corrosive sublimate. By repeated washings 
with boiled distilled water all traces of cor- 
rosive sublimate should be removed, as this 
substance is a deadly poison. 


The culture solutions generally used in the water-culture 
experiments are numerous and some of the important ones 


are these 

1. Knop’s solution ; — 

Calcium nitrate 

Potassium nitrate 
Magnesium sulphate . . . 
Potassium phosphate ... 

Iron salts 

Water ... 

2. Sachs’ solution : — 

Potassium nitrate 
Sodium chloride 
Calcium sulphate 
Magnesium sulphate ... 
Calcium phosphate 
Water 

r Iron salts 

3. Von Crone’s solution : — 

Potassium nitrate 
Calcium sulphate 
Magnesium sulphate ... 
Ferrous phosphate 
Water 

Of these three Von Orone’i 
gives very good results. 


2 grammes 
0*5 gramme. 

.. 0*5 „ . 

0'25 „ 

a trace. 

1 to 2 or 3 litres. 

2 grammes. 

1 gramme. 

1 

... 1 „ 

1 

2 or 24 litres. 

... a trace. 

1 gramme. 

0'25 gramme. 

0*25 

0-5 

lor 2 litres. 

solution is the best and it 
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For fixing the seedling in the lid of the jar antiseptic 
cotton or asbestos, rendered antiseptic by burning it in the 
flame of a spirit or gas burner, should be used, and care should 
be taken that the roots only are in water and the hypocotyl 
is well above the level of the solution. As the amount of 
oxygen that the culture solution is able to retain dissolved in 
it is very small in quantity, it is necespT to force air into the 
solution, at least once a day, for fifteen minutes in the ‘form 
of small bubbles so as not to cause any damage to the roots. 
A very simple and convenient method of forcing air into the 
culture solution is shown in fig. 211. 

The salts used in culture solutions consist of the elements 
nitrogen, sulphur, phosphorus, potassium, magnesium, 
calcium and iron. All these seven elements and the three 
elements hydrogen, oxygen and carbon are absolutely 
necessary for the growth of plants. So these ten elements 
must be considered as the essential elements for the growth 



Pig. 211. Apparatus fur aerating water-culture jars. 

of plants. If the culture solution is wanting in any one-»of 
these elements, plants do not grow well. For instance, if in 
the culture solution ferrous phosphate is omitted and calcium 
or potassium phosphate is added instead, the element iron 
will not be available. A plant grown in the solution lacking 
in iron would have pale yellow leaves instead of green leaves- 
The results of the growth of plants in defective solutions may 
be inferred from the fig. 212. 
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From culture .experiments we learn that plants can grow to 
maturity, flower and set good seed, only if they are supplied 
with salts composed of the seven essential elements mentioned 
above. The amount of salts needed is indeed very small. 
Further, the essential elements must always be presented in 
the form of appropriate chemical combinations, because the 
nutritive value depends upon this. For example all sub- 
stances containing nitrogen are not suitable. Most plants 
obtain this element from nitrates and some from compounds 
of ammonia. 



Fig. 212, Plants grown by the method of water-culture in 
different solutions. 

For the full development of the plant it is necessary that 
only a certain minimum amount of each essential element must 
bp supplied, although the plant may assimilate much more 
than the minimum amount when the supply is abundant. At 
any rate the quantity must not exceed the optimum limit. 

In the case of some plants the presence of a non-essential 
element may be a distinct advantage to the plants. For 
example, the presence of silicon in the epidermal cells of 
certain plants may protect them from the depreciations of 
insects, and thus save them from extinction. 
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Those elements which we consider essential enter into the 
composition of the protoplast. We know that the elements 
found in protoplasm are C, H, 0, N, S, and P. In young- 
organs, especially in meristem .tissues large amounts of 
potassium and magnesium are found. Iron seems to be 
necessary for the formation of chloroplasts. Calcium, though 
not present in protoplasm, occurs in^ certain layers of the 
cell- walls. It seems to be useful in connexion with meta- 
bolism. By combining with oxalic acid and forming calcium 
oxalate, it preYents the injurious effects of the oxalic acid 
and it is also said that in some way it is useful in connexion 
with the transport of plastic carbohydrates. Salts, both 
organic and inorganic, are also useful in the maintenance of 
turgidity. 

The profusion of Yegetation is due to the fact that green 
plants utilize only such of the substances as are Yery widely 
distributed on the surface of the earth. The ordinary salts 
found in the soil contain the essential elements. At the same 
time plants do hot use all the elements, though widely distri- 
buted and abundant. For example, the element sodium has 
a world-wide distribution and yet it is not an essential 
element. Sometimes plants accumulate in them large 
quantities of certain elements, .eYen though such elements 
may be present, in such small quantities, that their presence 
could not be detected eYen by chemical tests. Sea weeds 
contain large quantities of iodine, although it is difdcult to 
demonstrate its presence in sea- water. 
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CHAPTER XII 

RESPIRATION OF PLANTS 

The processes concerned in the nutrition of plants and the 
work of individual organs of a plant have ])een dealt with in 
the previous chapter. We have now to turn our attention to 
the process of respiration of plants, although it has already 
been referred to in another chapter. This pi’ocess is a very 
important one and it is not easy to grasp, at the first presenta- 
tion, all the facts connected with it. We should also try to 
learn the part plants play in the economy of nature. 

All living beings are continuously at work, so long as they 
are alive. And the performance of vital functions and the 
maintenance of life are dependent on the continuous supply 
of oxygen. Should the supply of oxygen be cut off, all the 
activities in an organism will be brought to a standstill and, 
unless this gas is supplied within a reasonable time, the plant 
or animal will lose its vitality. 

It is a well-known physical law that work, whatever its 
form and wherever done, involves an expenditure of energy. 
An engine at work is consuming energy supplied to it by the 
coal or fuel. When the coal or fuel burns, heat is generated 
and heat is one form of energy. A plant also is as truly a 
machine as a steam engine, so long as it is alive. Therefore, 
the work of a plant also implies a supply of energy. Whence 
does a plant get energy for doing its work ? 

It is a matter of common observation that an animal doing 
work breathes and that breathing increases, when the work 
becomes harder. Further in the tissues in which growth or 
other work is going on rapidly there is an increase in the 
products of respiration. So, we have to conclude that the 
power of* doing work is connected with breathing in some 
way. Breathing, or respiration, as^ it is called, consists in 
taking in oxygen and giving out carbon dioxide and water. 
Some experiments have aheady been described by which we 
learn that plants also respire. A plant, from the moment it 
begins its life until its death, continues to respire incessantly. 
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When respiration ceases the plant also dies. This intimate 
relation existing between respiration and the vital functions 
of the plant gives us a clue to the source of energy which 
plants need for their work. During respiration considerable 
quantities of carbon dioxide are given off by the plant, and it 
is obvious that the carbon contained in this carbon dioxide 
should have come from inside the plant. This being so, 
respiration must lead to loss of weight. Further, this loss 
has to be made good, if starvation is to be prevented. We 
know that sugar is formed in plants in the leaves and this is 
the basic substance utilized for all other organic substances. 
Therefore, this ^gar is the source of the respiratory carbon. 

All green plants are able to prepare carbohydrates in large 
quantities, and for the preparation of these substances energy 
is obtained from sun’s rays. The presence of food, or its 
mere accumulation in a plant body can no more be expected 
to supply energy than the mere heaping of coals in a steam 
engine. To set the engine in motion the coal should be 
ignited. That is to say, the energy lying locked up in coal 
for untold ages as latent energy has to be released by com- 
bustion. Similarly, a plant can make use of the energy 
contained in the food-stuff only when it is let loose from the 
food material. The objects of combustion in an engine and 
respiration in plants are one and the same. In the engine 
during combustion heat is generated and it acts on the 
boiler, piston, etc. Respiration also is believed to be oxida- 
tion, only it is less violent than that going on in an engine. 
Further, it is ( ^ontroll ed by protoplasm. 

Even in respiration a certain amount of heat is pj^pduced, 
as in the combustion of coal in an engine. But, it is con- 
ducted away as soon as it is produced, because a plant, 
possesses a large extent of surface relatively to its mass. 
Further, the oxidation taking place in a plant is very much 
less violent. However, in parts of plants where growth is 
actively going on, there will be a distinct rise in temperature, 
if care is taken to prevent rapid conduction. The flowers of 
several Aroidese sometimes show a rise of several degrees 
above the temperature of air. Although in the steam engine 
it is the heat that is used up, in a plant heat is only incidental, 
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and it is not used by the plant for its work. It is not 
possible to make out the form of the energy that is used by 
the plant for its work. We know nothing about the full 
Structural details of the protoplasmic machinery in the cell. 
The respiratory process, if we take into consideration only 
the end products, may be expressed as a chemical equation 
thus 

CsHisOed- 6 02 = 6CO2 + 6H2O. 

The process of respiration should not be considered to be 
a mere exchange of the gases oxygen and carbon dioxide, 
although oxygen is consumed and carbon dioxide is released 
during this process. The essential feature of respiration is 
the decomposition of protoplasm or some of the proteins 
forming its constituents by the. action of enzymes. Some 
physiologists consider respiration to be a process of oxidation 
of food substances stored in the cells, the protoplasm playing 
little or no part beyond initiating the process. According to 
this 'view food substances are decomposed either by the pro- 
toplasm or the enzymes, without their being assimilated into 
the liying substance. Active respiration is always accom- 
panied by the disappearance of accumulated carbohydrates 
and, therefore, it is believed that these are directly decom- 
posed. 

There are other physiologists who hold respiration to be 
a process of decomposition of the protoplasm or its protein 
constituents by enzymes or other means. A supply of 
oxygen is undoubtedly essential for the process, but it does 
not combine directly with carbon compounds. Its chief use 
is said to be to combine with and remove substances formed 
by the breaking down of protoplasm or proteins, so as to 
prevent their accumulation. The presence of these secon- 
dary products may seriously interfere with the process of 
respiration. So their removal is necessary to facilitate the 
continuance of the process until its completion. The 
carbohydrates are used up in the repair of proteins. 

Even if the process of respiration is oxidation, it is 
undoubtedly very different from ordinary combustion. The 
oxidation connected with respiration is initiated and kept 
going by the protoplasm directly or by enzymes. The only 
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point of resemblance between combustion and respiration is 
file result. 

In this universe no energy can be created anew or 
completely destroyed, but it may change its form. So the 
energy locked up in the food 'of plants must have been 
stored by expenditure of energy. Whence did this energy 
come ? The carbon dioxide in the air is split inside the cell 
of a leaf within the chlorophyll grain into carbon and oxygen 
by the energy supplied by sunlight. The oxygen escapes and 
the carbon combines with the elements of water and forms a 
sugar. This is really transformation of the .energy of light 
which is kinetic, into latent energy in sugar. The energy 
looked up in compounds is latent in the form of unsatisfied 
chemical affinity, and when these are subjected to the 
chemical processes constituting respiration, then kinetic 
energy is again given out and this is used by the plant. 

Thus we see that the energy stored in the food material 
as latent energy is let loose, by the process of respiration, as 
kinetic energy for the use of the plant. An eminent vege- 
table physiologist describes the food materials of a plant as a 
kind of storage battery charged by the sun and discharged 
by respiration. 

Both plants and animals respire, and so we should expect 
the carbon dioxide to accumulate in the atmosphere. If this 
influx of carbon dioxide is not checked, it is obvious that the 
surface of our planet will soon cease to have living organisms. 
But in nature, in spite of the universal katabolism going on 
in the form of respiration, the atmosphere never becomes 
foul. This forces us to the conclusion that there must be 
some other process going on in nature which prevents the 
accumulation of carbon dioxide in the atmosphere. Plants 
having chloroplasts take up all the carbon dioxifle, and evolve 
oxygen, as long as there is sunlight. The air rendered foul 
by the breathing of plants and animals is thus made pure by 
green plants. 

The process of photosynthesis carried on by green plants 
is to a certain extent antagonistic to the process of respiration. 
The former process takes place only during the daytime and 
in green parts of plants, whereas the latter goes on always, 
both day and night and in protoplasm, and does not depend 
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upon the green colour. Respiration leads to loss of weight, 
but photosynthesis brings about an increase in weight ; 
energy is released by the former and it is stored in latent 
form by the latter. Though the process of photosynthesis 
takes place only during the daytime, it is at least twenty 
times more active than the respiratory process. 

The part played by the green plants is of the utmost 
importance in the economy of nature. The main Avork of 
a chlorophyll bearing plant is the continual transformation of 
the energy of sunlight into latent chemical energy. The 
chloroplastid is an apparatus imbedded in protoplasm for 
catching the sun’s rays. In fact the plant is a machine 
whose work is bo store up large quantities of latent energy, 
by the absorption of sunlight. Thus we see that the source 
of energy is the sun. As already pointed out the formation 
of starch from simple inorganic substances is the only way by 
which organic matter is formed upon our planet. “ Nature 
does not possess any other laboratory for the formation of 
organic -matter except the leaf, or more strictly, the chloro- 
plast.” The energy thus stored up is released by the process 
of respiration. 
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CHAPTBE XIII 

SPECIAL MODES OF NUTRITION 

A GREAT majority of flowering’ plants are able to manu- 
facture, during their lifetime, complex organic substances out 
of water, some salts and gases obtained from the soil and the 
atmosphere. All such plants are normal land plants and 
all the processes taking ])lace in them and subserving 
nutrition are also to be considei'ed as normal. But amongst 
flowering plants there are a few that show a departure 
from the normal 
modes of nutrition 
in certain respects. 

For example, ]dants 
like Viscum, Loran- 
thuB, Striga, and 
Santalum, instead 
of growing in the 
soil, attach them- 
selves either to the 
branches or roots 
of other plants. 

And yet all these 
plants carry on the 
function of photo- 
synthesis as well, 
as those plants that 
grow rooted to the 

soil. But fov water Pia, 213. Tisoum on abrauoh of 
and salts they are 2 • 

dependent on other ^ 

plants, as they cannot get them from the soil. On account 
of this partial dependence such plants as these are called 
semiparasites. Because of the change in their habit, semi» 
parasites have their roots modified, so as to suit the altered 
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A section througli a hansto- 
riumof Viscum showing the fusion 
of xylem between the host and the 
parasite. P, parasite Yiscum ; H, 
host plant Pongamia. 


conditions. These modified roots, or hau$toria are specially 
adapted to obtain water from the wood of their host plants. ‘ 

The Yiscnms and the Loranthuses found growing on the 
branches of trees, such as the Margosa, the Mango, the 
Tamarind and Pongamia 
are typical semi-parasites. /i 

There is nothing in the / 

Stems and leaves to 
suggest their parasitic 
life, but the roots plainly 
indicate ’this tendency. 

Fu’rther, * the modifica- 
tions in the root are of 
such a nature as to enable 
to penetrate the 
bark and become inti- Fm. 214. 
mately connected with 
the inner woody tissue of 
the host plant. • Without 
this intimate connexion, 
these plants cannot absorb water and it would be impossible 
to secure fixation to the branch of the host plant. 

Viscums usually attach themselves to their host plants in 
only one place. On the other hand species of Loranthus 
secure attachment to a number of places by producing nu- 
merous haustoria, and, therefore, these are more destructive 
to their host plants than Yisctims. All the species of the 
family Loranthacese are semi-parasites and they invariably 
grow on the branches of the shoot-systems of . trees. (See 
fig. 83 fora Loranthus parasitic on a branch of AlUmu 
amara,) . ■ > 

We have next to consider flowering parasites gi'owing on 
fthe roots of the host plants. One of the most common and 
widely spread plant of this kind is Striga hitea. It flourishes 
in fields, fallow or cultivated, and it grows from the roots of 
grasses, cereal plants or weeds. Th^s Striga attaches itself to 
the root of the host in only one place, but Santalum, Ximenia, 
other species of Striga and Cansjera produce a number of 
hauatoriai and secure attachment in many places on the 
root-system of the host plant, . . .. 
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The semi-parasites so far mentioned have abandoned the 
usual mode of life of a green flowering plant, only in the 
manner of dbtaining water and salts. So ' the 'advance in the 
direction of' parasitism is not very great. Some species of 
Striga, however, show a little more advance in this direction. 
J'or instance, Striga orobanchoides, which is usually found 
parasitic on Lepidagathis, Opuntia ol^ Euphorbia is dark 
purple in colour and there is not much of green colour in it. 
Besides this, the leaves are reduced and scale-like. (See 
fig. 82.) So this plant cannot be expected, to manufacture 
carbohydrates and, therefore, it must obtain them from- the 
host plant. Other striking examples of flowering parasites 

+T,«4. 



T T fiUformis. 

Fig. 215. Cuscuta parasitic on Ipomm oilooa. 


chlorophyll and 
are parasitic on 
the roots or stems 
of plants are the 
Orobanches, Cus- 
cutas and Gassy th a. 
Amongst the 
Orobanches, ■ 0- 

cernua, , which 
is so destructive to 
the tobacco crop is 
widely distributed 
and well known. 
The • tangled' masses 
of yellow ,or 
greenish , yellow 
threads found on 
trees ' such ’ as 
Eugenia, Acacia ^ 
and . Buchanania 
are all of the 
species *, Gassytha 
Gus- 
chinmsi§ 


generally attacks herbs such as IpoM^ea hiloha, haunwM piuz 
natifida, etc. The threads twine round the stems and cling’ 
on to the support by means of numerous haustoria produced 
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at short distances. Obviously these cannot do the work of 
photosynthesis. 

In all flowering’ parasites that do not produce the chloro- 
phyll, the ve,ii'etative part of the plant should be expected to 
be very much reduced. The most conspicuous part of the 
plant body in all these plants is the iiifloresence. The 
wonderful root parasite Rafflesia, already mentioned in a 
previous cha])ter, is nothing but a huge flower measuring 
about a yard across. 

On account of their ])ai‘asitic habits, these plants are at a 
great disadvantage in the matter of dispersion of seeds and 
the securing of proper places for germination, compared with 
tlie ordinary land plants. In spite of this, we find all these 
parasites flourishing well all over the country. Very often 
these ])ecome serious pests *, for instance, in many a place the 
plant ;Sy/vV/g- Itittu'gimYB so luxuriantly, as to be the despair of 
a farmer. We meet with trees full of Yiscum or Lorantlius 
all over the country. Therefore, we have to conclude that 
these iflants have some special features to enal)le the seeds to 
find suitable places for their germination. All parasites 
should he able to find out their appropriate hosts, when 
they are young. Unless the seeds are close to their host 
plants, the seedlings run the risk of not finding their hosts. 
This risk is minimised in all parasites by their ability to 
produce seeds in large numl)ers. For example, a single 
Striga ])lant produces a mass of fine seeds nuni])ering over 
sixty thousand. Even in Yiscum and Lorantlius seed ]3ro- 
duction is fairly extensive, though not so profuse as in Striga 
or Orobanche. But the fi-uits are sticky and edible. So 
birds jieck these fruits and as the seeds stick on to theii* beaks 
they get rid of them, by transferring them to the twigs or 
branches of trees. This is what is required for the seeds to 
j germinate. In the case of parasites producing fine seeds in 
large numbers, the seeds do not germinate exce})t under some 
special circumstances. Nearness to the host plant seems to be 
an essential condition for germination. The exact manner in 
which the host influences the seed is unknown. It is this 
striking peculiarity of the seed that enables plants like Striga 
and Orobanche to l^ecome serious pests. The seeds are hardy 
and remain dormant, until they come in contact with appro- 
priate hosts. 
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The group of- plants called fungi are entirely lacking in 
chlorophyll and, therefore, they have to obtain everything 
they want either from other animals or plants. Many of tin' 
fungi are parasites and they are responsible for most of tin' 
deadly diseases of cultivated plants. The i*ust, the smut and 
the mildew which destroy crops wholesale are all fungi. 
Several fungi obtain what they want from the del)ris of dead 
animals and plants, and they are called saprophytes. 



Fio. 216. A saprophytic fungus. 

In many ways tlie fungi are one of the most remarkabh' 
groups of plants. Though the vegetative parts of fungi ar(' 
very simple, their iDower of adaptation to varying conditions 
and the way they affect their hosts are tilings to lie wondered 
at. Some fungi become associated with the roots of certain 
plants and such roots are called mycorrhiza. These roots 
are devoid of root-hairs and, instead, have a fine covering of 
fimgal hyphge. The fungus nndouhtedly gets carbohydrates 
from the root and the work of absorbing water is done l)y 
the fungus. 

There is also a very close association between a fungus and 
an alga (a lowly organized plant with chlorophyll) in what 
are called lichens. The alga prepares the carbohydrate 
material for its own use as well as for the use of the fungus 
and the fungus absorbs water and salts. (See fig. 217.) 

There is yet one more method of nutrition observable in 
some plants to which we should now turn our attention. 
Plants usually obtain the nitrogenous substances tlic'y 
require, by the usual method of proteid assimilation. But 
some plants do not seem to be able to get enough of these 
substances and so they have adopted a novel method of 
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supplementing their supply. By special adaptations these 
plants are able to catch small insects and ,make use of the 
nitrogenous stuff coptained in them. As examples of such 
plants we may mention the species of Drosera and Utriculi^ria 
flourishing in this Presidency. In swampy situations, all over 



the Presidency, we meet with a tiny plant with small rosettes 
of leaves appressed to the ground. From amidst the leaves 
rises, the inflorescence, which is a false raceme with white 
flowers. This is Drosera Burmanni, The leaves are some- 
what rounded with a short narrow stalk. The whole upper 
surface of the blade is beset with bristle-like hairs ending in 
glandular tips. These hairs are reddish and are always 
secreting at their free ends a clear, sticky liquid. ■ When an 
insect happens to become entangled amidst these glandular 
hairs, all the hairs curve inwai^ and the sticky juice is 
secreted in abundance and the prey is ultimately digested. 
In another species D, indica the leaves are linear and in 
other respects it is the same as D. Burmanni* (See figs. 175 
and 176.) 



MoiiEiS jftt'TEttlOM ^iS 

In Utricalaria we have another set of plants that capture 
small animals and make use of them as food. • These plants 
flourish in marshes and in the edges -of ponds and in wet 



Fia. 218. A transverse section through the filament of Usnea, 
highly magnified. 1, algal cells ; 2, fungal hypha ; 3, compact 
fungal hyphm. 

places generally. The leaves are modified into special 
bladder-like structures with trap-doors, tp capture small 
insects as prey. (See fig. 178.) The most common species 
are U. WaUichiana JJ . reticulata. 

Plants of the family Leguminosae and a few other plants 
are rather peculiar in the mode of obtaining their nitrogenous 
food. If the soil in which .these plants are grown contains 
enough nitrates, the, plants .are able to make the protein food 
in the usual manner .lik« other gr.een plants. Even if the 
soil happens to be poor in nitrates these plants manage to get 
the protein food-all right. The- roots of these plants have 
tubercles or nodules full of bacterial mass, consisting mainly 
of large abnormally developed bacteria called “ bacterioids ” 
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and of bacteria in tlie normal condition, and these nodules 
vary in size and shape according to the species of the plant. 
(See tig. 210.) In fact these bacterial nodules are formed as 
a result of the iuTasion of the bacteria. Gaining entrance 


into the root hairs these bacteria get into the cells of the 
cortex and stimulate them to grow larger and develope into 
nodules. 

Between the leguminous plant and the bacteria there is 

# some peculiar relationship in 
the matter of nutrition. Here 
we have a case of mutual para- 
sitism. The bacteria live on 
carbohydrates supplied by the 
host plant, while the latter 
makes use of the protein food 
prepared l)y the bacteria ])y 
taking in the free nitrogen 
of the air. So long as the 
bacteria are alive the host 
plant gets a steady supply 
of nitrogenous, substance, and 

ultimately the remaining sub- 
Fi«. 219 Bacterial nodules, ill (legenmted 

the root of a Leguminous plant. , 

bacterioids is also absorbed. 


By reason of this peculiar mutualism leguminous crops 
cun be grown in soils which contain no combined nitrogen 
whatever, provided the proper bacteria are present. This is 
the reason why leguminous plants m considered important 
in enriching the soil. 

Besides these there are certain bacteria living quite 
independently in the soil that are capable of fixing free 
nitrogen. This property is of the gi’eatest importance in 
i^griculture, because there will be accumulation of nitrogen-, 
ous substances in the soil which become available for other 
plants that happen to grow in that soil. Home loW' fungi 
also are believed to have the property of fixing free nitrogen. 
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OHAPTEE XIY 

GROWTH AND MOVEMENT IN PLANTS 

Large quantities of food material are produced by a green 
plant. But it utilisses for its growth only a small part of it. 
The remaining portion is stored in places such as roots, stems, 
fruits and seeds. The manufacture of organic sul)stances is to 
help the growth of the plant, and growth means increase of 
organs in size and number. Growth and ■ formation of food 
may go on for any length of time under favoural)le conditions. 
Once a plant starts life, it may go on living for any length of 
time, so that the same individual continues to live. Consider 
the case of such a tree as the Banyan which is capable of 
growing for a long time unceasingly and covering many acres 
of land by gradual extension, if . left undisturbed. It 
produces adventitious roots from branches, and these get into 
the soil and support the branches and also absorb water con- 
taining salts. As examples of trees thus extending we may 
mention two Banyan trees in this Presidency, one in the 
neighbourhood of Madura town and the other near the village 
Jakkeri, in Hosnr taluk. 

A plant assimilates the food it prepares and transforms it 
. into cells, and formation of new cells leads to the process of 
growth. The processes of nutrition and growth are independ- 
ent. They do not take place at the same timCj- and in the 
same place. Growth is active in the younger parts of plants, 
and the fully developed organs alone are concerned in the 
work of nutrition. In plants growth is localized and it can 
go on unchecked so long as conditions are favourable. But ir? 
animals it is not localized and it ceases after a certain stage. 

By growth we mean increase in bulk,’ and it must not be 
forgotten that it is not Tiecessarily due to addition of new 
matter. For instance, during germination the growing seed- 
ling will show loss of material, instead of gain in weight. 
Increase of bulk in the case of growth is brought about by the 
addition of new cells and their subsequent expansion. 
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Growth really consists of three distinct processes, viz., the 
formation of cells by cell division, elongation of cells and 
their differentiation. The division of cells takes place at 
the extreme tip, and the other two processes take place in the 
region lying behind the actual tip. It must not be supposed 
that these three regions are quite distinct, one region passes 
into the other insensibly. At the actual tip the formation of 
cells is the most prominent feature, and in the part behind it, 
elongation is the chief feature, though differentiation may be 
going on in certain cells. 

The formative or the embryonic phase.— All plants 
begin their existence as a single cell, for it is really the fertil- 
ized egg-cell that divides and developes into the embryo. All 
the cells in the embryo are in the formative stage so dong as 
it is within the seed. But as soon as germination begins, only 
those cells at the extreme end of the plumule and the radicle 
remain in th3 formative or embryonic phase, whilst the cells 
between these grow larger and longer.' - Therefore in a 
higher plant the. growing points of shoots and roots alone 
consist of embryonic cells. We have already described the 
nature of 'these formative cells as meristem tissue (see page 
■152). The cells of this tissue are characterized by the posses- 
sion of a-relatively large nucleus, ve^ry thin and delicate cell- 
wall and compact cytoplasm with very minute vacuoles or 
without them (see figs. 191 to 193). 

Formation of new organs at the growing point.— 
Branches and leaves arise as small structures at first, at the 
growing point in regular succession. In fact, all new organs 
in the shoot are.produced at the surface in the primary meri- 
stem of the growing points, the first indication of such 
organs being a slight' elevation of the- surface. Some cells at 
certain definite points, in the primary meristem divide and 
trow more rapidly than' the others, causing slight swellings 
on ' the surface. Gradually these swellings ' become more 
prominent and develop into distinct prbtuherancbs. 

Borne of these grow and' develop ihto leaves, whilst others 
remain small and' become axillary bhds. All the organs 
arising in the' shoot-system of a plant have a superficial 
origin and hence this mode of formation of organs is- termed 
exogenous. The formation of lateral roots is different. The 
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■growing point of the root merely gives rise to cellS; which 
only -lead to the elongation of the root. Lateral roots do hot 
arise at the surface in the primary meristem,, but originate 
from the ' cells ot the pericycle which consists of cells that 
have ceased to divide. The lateral roots break through the 
cortex and hence these are said to be endogenous. Adven- 
titious growing points developing into shoots often arise 
endogenously on roots and .old shoots. 

The phase of enlargement and elongation.-r-At the 
growing point whilst new cells are constantly produced those 
already formed begin to change in size, shape* and other cha- 
The protoplasm in these cells begins, to absorb water 
f and the cells become turgid. The extra .amount 
absorbed must necessarily put the cell- wall on the 
The protoplasm inside the cell, being always active 
adds to the cell- wall so that it retains, permanently the size 
it gets under pressure. Once again the cell-wall -will be 
stretched and there will be addition of material leading 
to the further growth of the cell- wall. This, process of the 
stretching of the cell-wall and growth of it in extent will be 
going on until the cells attain their permanent forms. 

The most striking change in the second phase of the 
growth of the cells is the enormous enlargement taking place 
in their size, which increase may be a hundred fold or more. 
Another notable feature is that the space within the cell- wall 
arising on account of the rapid iperease of the area of the 
cell-wall is occupied mostly hy water. 

No doubt the protoplasm also increases in quantity to a 
considerable extent but much the greater part of the .cell is 
.occupied by water. As described above water enters the -cells 
because of. the presence of osmotic substances and makes 
them turgid. - At first the minute vacuoles are enlarged and, 
as absorption of. water proceeds, these, vacuoles become still 
larger and finally only one large vacuole. may exist reducing 
the protoplasm to. a primordial layer. It is indeed remark- 
able that plants attain the chief part of their enlargenaent, by 
means of water, thus dispensing with the necessity of using 
very, large quantities of food substance which would be 
necessary, if .the enlargement were to be brought about by 
.increase in -the amount of protoplasm. 
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The cells in the embryonic stage have all the three 
dimensions more or less equal. Enlargement takes place in 
all directions, hut not equally. Cells in some place may grow 
more rapidly in length than in their breadth, while others 
may increase more in the ti-ansverse direction. The process 
of elongation of any part is really the elongation of the cells 
constituting that part. 

The growth and elongation of parts in plants is generally 
so slow that it is imperceptible. But in some plants it is so 
rapid as to be visible even to the naked eye. The stamens of 
grasses grow very rapidly in length. For example it has 
been observed that the stamens of wheat grow in length at 
tlie rate of I’lS nmi. per minute. When the aerial stems of the 
plantain (Musa) are cut across, we see within five minutes 
the young leafstalk and the convolute blade rising above the 
level to a])out l/o to 1/4 inch, i.e., an elongation of about 1*2 
mm. per minute. If the elongation of any part is carefully 
()l)served, it would be seen that the rate of growth in length 
is slow at first, then rapid until the maximum rate is reached, 
then slow and finally ceasing to grow. 

The growth in length of a plant may be found out by 
means of an auxoiiometer. A very 
simple form of this apparatus is 
shown ill %. 220. 

The elongation is magnified 
■many times and so it is easily 
observed. The long arm of the 
pulley should be at least twenty 
five to thirty times the shorter arm. 
Then the rapidity of the growth 
would be magnified twenty-five to 
thii*ty times. By the use of auxo- 
nometei* we can measure only the 
total elongation. The manner of 
using this apparatus can be inferred 
from the figure. Inasmuch as 
all the cells of an elongating organ 
do not grow equally, it is obvious 
lilt certain zones would show greater elongation than others. 



Fig, 220. A simple 
auxonometer. 
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The distribution of growth, for example in an young shoot or 
a root, may easily be determined by measuring the distance 
between marks made on them at equal intervals. Marks 
of one millimeter spaces were made with water proof Indian 
ink on the radicles of the seedlings of Cicer and Canavalia and 
the results were as shown below : — • 

1, Cicer : marked into 10 divisions, one mm. each. 

after 24 hours : — 1 to 8th divisions no change, 9th 
3 mm. and 10th 7 mm. 

after 48 hours : — 1 to 8th divisions no change, 9th 
5 mm. and 10th 15 mm. 

2. Canavalia : marked into 8 divisions, one mm. each. 

after 24 hours : — No change in divisions, 1, 2 and 4, 
3rcl, 5th and (>th 2 mm. each, 7th 3 mm. and 
8th 8 mm. 

Conditions for growth. — An adequate supply of water 
is essential, because both divisions of cells in the meristem 
and their further enlargement are dependent upon the turgi- 
dity of the cells. Constructive material also must be avail- 
able in sufficient qaantities. Access of oxygen to these cells 
is another necessary condition. In the absence of oxygen 
cell-division cannot go on. Therefore, even in the meristem 
tissue we find intercellular spaces (see fig. 191). As a rule 
]3lant growth is retarded ])y light, whilst in feeble light 
and darkness it is accelerated. 

Movements in plants. — A plant has different kinds of 
work to do. If it is to perform all its functions properly, it 
must possess not only the power of placing all its organs in the 
position most appropriate for the due performance of their 
functions, but they should also have the power of respond- 
ing in a suitable manner, when changes occur in external 
conditions. All the organs must be arranged to their be-st 
advantage. For instance, the foliage leaves must be eo'.held 
as to enable all the leaves to obtain sufficient light’ and the 
roots have to get into tlie soil and there branch iii an adequate 
manner. . , • 

The factors, influencing the organs of a plant are gravity, 
moisture and light;- The main root of a plant goes vertically 
downward in response to the stimulus of gravity. For the 
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tap-rbot this is ‘the position., of rest or equilibrium, and the 
same stimulus has a different directive influence on the lateral 
roots ; these take a horizontal course. The shoot also' is sub- 
jected to the influence of gravitjL but its position of rest is 
different from that of the root. ' It goes straight up against 
gravitation. Any disturbance in the equilibrium in the root, 
or in, the shoot causes the part disturbed to make a curvature 
which will enable the member to assume the position of rest. 

Movements exhibited by plants, in response to stimuli are 
due to the property of irritability possessed by protoplasm. 
Protoplasm is able to respond to stimuli of different sorts, 
and irritability is one of the fundamental properties of the 
protoplasm. 

The roots hhve the power of responding to both moisture 
and gravity. When a root is disturbed by any change in its 
position of rest, it readily responds by means of growth cur- 
vatures, and the movements causing the curvatures are called 
trophic movements. For instance, a seedling having a well 
developed tap-root when placed in a horizontal position will 
show a curvature a little above the growing tip and the root- 
tip will assume the vertically downward direction. This 
movement of the root in response to the influence of gravity 
is called positive geotropism. As growth in length chiefly 
takes place just behind the root-tip, the growth curvature 
is seen in this region. It should also he remembered that 
the ro.ot-tip alone , is sensitive, to the stimulus of gravity. 
The tap-root of a seedling is not affected by gravity when 
the actual growing tip is cut off. However, when a new 
growing point is foi*med, the root responds. From this it is 
clear- that the ■ root-tip alone is sensitive. The shoot also 
under similar - circumstances responds to the stimulus of. 
suavity by means of a growth curvature just- behind the actual 
growing lip. But the direction of the curvature in this case 
.S quite opposite to that of the root, and hence the shoot is , 
said to :be .negatively ^geotropic. This difference in beha- 
viour, although the stimulus is the same, is probably due to 
he difference in structure between these two oiKgans. 

The factlhat the robt and the Stem are made to grow ‘ as 
hey do by the inHuence'of -gravity may he demonstrated by 
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means of a special apparatus, ■ called the Klinostat. The 
apparatus is only a clock-work arrangement which rotates an- 
axis bearing a plate at its free end. The axis can be made to . 
be horizontal hi position. In this position of the axis the 
plate must necessarily rotate in the vertical direction. If .we : 
fix to this rotating, plate, seedlings in different directions, no. 
curvatures are seen either in the root or the , shoot. This is 
because the seedling is exposed on all sides. equally to the- 
influence of gravity. So there is no curvature. This method 
is adopted as it is impossible otherwise to prevent the action ^ 
of gravitation. 



Fig. 221. Eliuostat. The dotted line denotes the position the 
leaves and the axis at the top -would occupy when the Klinostat 
is not set going. 

The response of the root to the stimulus of moisture is 
called hydrotropism. One may probably be led' 'to wonder 
as to why the root should - be influenced in thisihanner by’ 
gravity and moisture.' If 'we remember the functions that ‘a* 
root has to perform, it becomes obvious that it is necessary for 
the root to^ be so affected by these two factors. * The great 
need of the root-system’ is to explo’re-the-soih thoroughly and 
to come in contact with as much soil as'pfossible, in order* to 
do its work efficiently. • i ■ 

The tap-root has generally .a tendency to/ grow* yertipaHy 
downwards, But it will ngtdo so under aB circumstances.) 
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Sometimes, for tlie sake of moisture, it will move against the 
force of gravity. If in a large seedling-pan filled with saw- 
dust or sand, we i)lace in the centre a fiower-pot filled with 
water and plant seeds around it outside and allow them to 
sprout and grow into seedlings, we shall find all the roots 
tinmed towards the pot containing water. In the case of 
epiphytes the aerial roots sometimes grow straight up for the 
sake of attaching themselves to branches lying above them. 

As green plants require light for doing their work, we 
should expect them to resimnd to the stimulus of light also. 
When a plant is ]3 laced near a window, the shoot invariably 
curves ovei* towards it because of the one-sided illumination. 
When a plant fixed to the plate of a Klinostat in motion, is 
placed near a window, the stem does not curve towards the 
window, but grows erect. In this case the plant j*eceives 
equal illumination on all sides. A DoJicJm Lablah seedling 
placed near a window showed the curvature within twenty 
minutes. Plants growing in open places grow straight, for 
they are equally illuminated on all sides. In a shoot bending 
towards light, the axis lies in the direction of the lig’ht rays, 
whereas the leaves are either at right angles, or oblique. 
So the axis of the shoot is positively phototropic and the 
leaves are diaphototropic or transversely heliotropic. This 
conclusively proves the fact, that the same stimulus does not , 
necessarily produce the same kind of response in all the 
oi’gans of a plant. As a matter of fact, the response is 
dependent upon the character of the organs concerned, as well 
as u]mn the nature of the stimulus. iVerial roots and tendrils 
of certain plants turn away from light. 

Roots of plants are, as a rule, negatively heliotropic. 
Sometimes seedlings of mustard when grown in water as in 
water-culture experiments are highly sensitive to light. The 
shoot is positively heliotropic and the root negatively so. 

In the case of all curvatures the actual bending takes 
place only in the region of maximum elongation, but the 
power of perception belongs to the younger parts above it. 

We should not omit the movements exhilnted by proto- 
plasm within the cells. In the epidermal hairs of Cucur])i- 
taceous plants the protoplasm inside the cells shows a kind 
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of movement ^vliich is called circulation. The protoplasm 
within the epidermal hair-cell consists of a layer adhering to 
the cell-wall and a number of slender protoplasmic threads 
and they are in different directions. There is another kind 
of movement in which the protoplasm moves along the cell- 
wall in one direction only in a cell, carrying with it the 
nucleus and the chlorophyll grains. This movement is 
called rotation. The direction of movement will be different 
in different cells, but inside the same cell the movement will 
be in one direction only. In one cell the motion may be 
from right to left and in a second cell it may be from left to 
right and so on. 


15 
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OHAPTEE XV 

IJ^FLORESCENCE 

We have already examined as types the Trihuliis and 
Gynandropsis plants. In the former the flowers are borne 
singly in the axils. Judging 
from the position, we have 
to conclude that the flower 
is really a branch bearing 
floral leaves, instead of 
foliage leaves. In Gynan- 
drqpm pentapliylla the 
flowers spring from the 
axils of leaves, but they 
are all gathered together 
towards the extremities of 
branches. The leaves from 
whose axils flowers grow 
out do not differ very much 
from the ordinary leaves 
in this plant, except that 
they are small. But leaves 
thus associated with flowers 
are generally small and 
differ very much from the 
Fig. 222. Raceme of Crotalaria. foliage leaves. Such leaves 
are termed bracts. The 
rflower bearing axis in Gynandropsis grows steadily upwards 
producing flowers one after another in regular succession ; 
and so the oldest flowers are below, i.e., further away from 
the apex of the axis and the order of the opening of the 
flowers is from the base upward towards the apex (acropetal 
succession). 

A collection of flowers on an axis is called an inflorescence. 
There is considerable amount of variation in the matter of 
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tlie arrangement of flowers, and so we have different kinds of 
inflorescence. An inflorescence similar to that of Gynandrop- 
sis, i.e., one in which a number of stalked flowers are borne by 
an elongated axis in acropetal succession, is called a raceme • 
There are many plants having this kind of inflorescence, and 
as examples we may mention those of Crotalaria, Sesbania 

cBgyptjaca, Cleome and 
Tephrosias. In all these' 
plants the flower-stalks are, 
more or less, of the same 
length. In the terminal 
younger ]3art of the inflor- 
escence of Gynandropsis 
the pedicels of the lower 
flowers are longer than 
those above and as a con- 
sequence all the flowers 
are on the same level. 

Fig. 223. Corymb of Cassia. This kind of inflorescence 
is called a corymb. (A 
cymose inflorescence also is sometimes corymbose.) 

Examples of corymbs may be seen in Cassia, Caesalpinia 
and Ixora. 




Fig. 224. Spike of Digera. 


Flowers are not always stalked. They may be sessile on 
the axis as in the inflorescence of Achyranthes aspera. 
15-4 
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Compared with the raceme this differs from it in only one 
respect, namely, the absence of pedicels. Such inflorescences 



Fk}, 225. Spadix and spatlie 
of an Aroid. 

flowers of an umbel to be S' 


as these are called spikes. As 
further examples of spikes we 
may mention the inflorescences 
of Amarantus, Digera and Celo- 
sia. Sometimes the axis of the 
spike becomes fleshy and a large 
sheath or bract also becomes 
associated with it, as in the case 
of the inflorescence of Coloca- 
sia or Amorphophallus. Then 
the inflorescence is termed 
spadix, the sheath being called 
a spathe. 

Very often the stalked 
flowers, instead of springing 
from the axis at different 
heights, arise from the summit 
of the main axis, and this is 
called an umbel. The inflor- 
escences in onion, coriander, 
Tylophora and Pentatropis are 
all umbels. ,If we imagine the 
ssile, instead of being stalked, 


we have an inflorescence 
termed a. head or capitulum. 
The summit of the peduncle 
becomes enlarged, in this case, 
so as to afford room for the 
sessile flowers. The so-called 
flowers of the Sunflower plant, 
of Tridax and of A^ernonia are 
all heads. 

The raceme, spike, umbel 
and head have the flowers in 
the same succession. The 
oldest flower is at the base and 



the youngest is at the top of the Fkj, 221;. Simple Umbel 

axis. Further, the axis is a of Q<^htro^th gigmtea. 
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It is also called centripetal because the order of blossoming of 
the flowers is from the circumference of a circle to its centre ; 
another term sometimes used is indefinite. 



Fir;. 22h Flower head of Tridax. 1, entire head ; 2, head cut 
vertically ; 3, ligulate flower ; 4, tubular flower. 

In some plants the main axis terminates in a flower whicli 
js the first to open. Lateral branches arise later from below 
and they also end in flowers. The inflorescence in the ordi- 
nary Jasmine plant is of this kind. It consists of an old 




Fio. 230. A ssimple cyme of the Jasmine plant. 

flower in the centre and two young flowers laterally, one on 
each side. This kind of inflorescence is quite distinct from 
the botryose type and so it is called cymosc. As the order of 
flowering in this type is from the apex to the base (basipctal), 
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the inflorescence is described as centrifugal. It is also 
called definite. 

In the cymose type of inflorescence also there are certain 
M variations deserving notice. 

/ The three 'flowers forming 

/Is an inflorescence in Jasmine 

/ j may ^ be termed a simple 

I! cyme. A. simple cyme of 

III /D becomes modified 

/ ! llH r\j many plants. The 

lateral branches, in their 
uV QJu / lateral 

I 1 7# flowers, one on each side. 

J W Then, instead of a simple 

I Jjr cyme, we get an older flower 

\\ i // with two simple cymes on 

Y the two sides. Such inflor- 

yjf • escences as these are met 

/Jr with in several species of 

/ f Ipomoea, Cleroclendron, etc. 

Fig. 281 . Dichasium of This kind of increase is 

Ipo'ima carnea, in some cases repeated 

indefinitely, as in the case of Nerium and Wrightia. If the 
development of the lateral branches is 
regular the inflorescence is called a 
dichasium. 


Irregularity, in the development of | 
the lateral branches in the cymose type || ^ | 

of inflorescence, is not uncommon. | . 

Instead of having lateral flowers on both | h 
the sides, the central flower may have / 
only one, on one of its sides. If the 
suppression of the lateral flower is 
confined regularly to the same side, as in 
some Solanums, we get what is called a Fk;. 282 . Helicoid 
helicoid cyme. If, on the other hand, cyme. 1 , helicoid 
the suppression takes place alternately cf 1 5/^ 

first on the right side and then on the left 
regularly, as is seen in the Heliotropiums, side. 
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the cyme is termed scorpioid. 



Ftci. "ibii. Scorpioid cyme of Helk- 
ivopiuni nvali/oUinn. 1, side and ‘2, 
front view : S, diagram to show the 
alternate suppression of lateral 
flowers- 


In both these varieties the 
axis becomes straight 
later, though in the young 
stage it is coiled at the 
free end, and it is a 
sympode. The helicoid 
cyme may be mistaken for 
a raceme with flowers all 
on one side. But as the 
axis is really a sympode 
the arrangement of the 
bracts will he quite differ- 
ent. In the case of the 
helicoid cyme the bracts 
when present will be 
opposite to the flower, and 
in the case of the scorpioid 
cymes there will be two 
rows of bracts, if present. 



Fm. 2^4. Vciiicillaster of Xrowof'/.s- jiej.etrt' folia. (Slightly Utdiieed.) 
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Sometimes two cymes spring at the nodes opposite to one 
another as in Ocimnm and some other genera of the same 
family. In some cases, as in Leucas and Leonotis the cymes 
become condensed and overlap the axis and look like a whorl 
of flowers ; so this is called a false whorl or a verticil- 
laster. 



Fig. 235. Yerticillaster of Leomfh mjjettafoUa cut through to 
show the cymose nature of the inflorescence. 

The main kinds of inflorescences and their modifications 
may be tabulated as follows 

A. The Racemose type. — In this type the rachis 
gives rise to flowers in acropetal succession, i.e., the young 
flowers are at the top and the old ones at the base of the axis. 
This is also called centripetal or indefinite 

(1) Raceme.— pedicelled flowers borne by an 
elongated axis from the J)ase upwards in acropetal succession. 

(2) Corymb.— A raceme in which the pedicels of the 
lower flowers are longer than those of the upper. 

(3) Umbel —pedicelled flowers all springing from 
the top of the axis. 
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(4) Spike.— sessile flowers borne by an elongated 
axis from base upward. 

(5) Capitulum.— sessile flowers on the summit of 
the main axis which becomes enlarged. 

xill these inflorescences are of the simple type. We have 
also compound forms • — 

(1) Compound raceme. — The main axis, instead of 
bearing stalked flowers, has racemes. 

(2) Compound umbel— The peduncle bears umbels 
instead of single fiowei'S. 

(3) Compound spikes.— Simple spikes arranged on 
an eloifgated' axis. 

(4) Panicle.— -Any inflorescence with a loosely 
branched appearance, whether the branching be racemose or 
cymose or both. 

B. The Cymose type.— In this type the primary 
axis or the rachis ends in a flower and then produces 
immediately below the first flower lateral axes either 
terminating in a flower or behaving like the main one by 
further branching. 

(1) Simple Cyme. — The axis bears three flowers, 
the central one being the oldest. 

(2) Dichasium.— The axis terminates in a flower and 
tiuui produces a pair of lateral branches bearing cymes that 
are simple or they may also become branched further by 
repeated divisions. 

(3) Monochasium. — An elongated sympodial axis 
bearing flowers, the bracts being opposite the flowers. There 
ai‘e two varieties of monochasium :— 

{a) Helicoid. — The lateral branches develop on 
only one side in a regular manner, and the other one being 
regularly suppressed on the other side. ' 

[h) Scorpioid.— The suppression of the lateral 
])ranc]i is alternate, i.e., the right one is sup])ressed and then 
the left and again the right and so on. 

(4) Verticillastcr. — ^Axillary cymes very much 
congested and surrounding the stem, 
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CHAPTEE XVI 

THE FLOWER 

A FLOWER is a short shoot appearing only peihodically on a 
plant with longer or shorter intervals. In plants we find 
leaves and leafy' shoots always, but not flowers. This is so on 
account of the difference in their function. Leaves and other 
vegetative organs are concerned in the work of nutrition, a 
process going on continuously. On the other hand, flowers 
are the organs intended for the propagation of plants, through 
the seeds ; and propagation is not one of the processes going 
on continuously in a plant. So we do not find flowers always. 
Large quantities of food material are needed for the formation 
of flowers and this is why a young plant does not produce 
flowers. A period of vegetative activity must necessarily 
1)recede the formation of flowers, otherwise large accumula- 
tions of food material are not possible. In conns and bulbs 
large amount of food is stored and therefore they give rise to 
■flowers when planted. 

From a study of the Trtbulm ter rest Ha flower we have 
learnt that a flower consists essentially of an axis carrying 
sepals, petals, stamens and the pistil. The first two, sepals 
and petals, are only accessory organs forming the perianth of 
the flower. The remaining two sets of organs form the 
essential organs of the flower. This flower is a complete one 
because it has all the four sets of the floral organs. Both the 
essential organs of the flower exist together and so the flower 
is bisexual or hermaphrodite. 

.Let us now look at the arrangement and the insertion of 
the various parts in the flower. All the parts are attached 
to the free-end of the flower-stalk in a definite order. The 
apex of the stalk, or the receptacle, as it is called, is sur- 
mounted by the pistil ^ind the other whorls are below this. 
The pistil is therefore said to be superior, and the other parts 
inferior. 

The parts of the outermost whorl or sepals alternate with 
the petals. There are two whorls of stamens, the inner being 
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opposed to tlie petals and the outer to the sepals. The car- 
pels in the innermost whorl alternate with the second or the 

inner whorl of stamens. 
There are five protnber- 

nected with the shorter 
stamens. These are 
called glands. 

The Tribulns flower 
])ossesses five whorls and 
each of these consists of 
five members. Furthei’, 
the flower can be cut into 
two symmetrical halves 
through any plane. So 
it is a typical, regular, symmetrical flower. 

A transverse section through a young bud will reveal the 
general arrangement of the various parts. It is usual to 



Fro. 231). A loiigitudimil section of a 
flower of Tribulus showing the 
attachment of the parts. 




Fig. 237. Floral diagram of Tribulus. 


represent such sections diagramatically, and they are called 
floral diagrams. For showing in a clear manner the positions 
of the parts, it is a convenient method. Circles correspond- 
ing in number to the whorls are drawn concentrically and 
on them the positions, as well as the union of the parts of each 
wdmrl, are marked. The position of the main axis bearing the 
flower and that of the bract are also usually represented in 
the diagram. The floral diagram of^Tribulus is represented 
in fig. 237. Out of the five sepals, two have both their margins 
outside, two have them inside and one has. a margin inside and 
the other outside. One petal has both the margins outside, 
another has both its margins inside, and the remaining three 



THE FLOWER 


237 


Fig. 238. Bract and bracteoles in 
the flower of DoUchos Lahlah. 
a, bract ; b, bracteoles. 


petals have one margin in and the other out. In some 
flowers petals are contorted. 

Flowers that are solitary 
I ^ usually arise from the axils 
J.^ leaves. But in the case of 

b clustered 

II I together so as to foi'm inflor- 
\ ill/ escences, the individual 

flowers spring from the axils 
of very small scale-like struc- 

' Iff foliage leaves. ‘ These 

:L,K small structures are bracts. 

; There are also instances in 

' '' which the bracts are want- 

, , , . ing, as in the case of Mustard 

Fig. 238 . Bract and bracteoles in . Cleome Yerv often 

ihQ ^ow^T ot DoUchos Lahlah. tueome. ver> otten, 

a, bract 5 b, bracteoles. nieet with plants whose 

flowers bear, in addition to 
the bract, two small additional scale-like structures. These 
are called bracteoles. The flowers of Dolichos Lahlah and 
CUtoria Ternaiea have both bracts and bracteoles. We have 
also instances of flowers having more than two bracteoles, in 
the Bowers of Hibiscus, Pavonia' and Cotton. There is yet 
one more variation in the bract already referred to in the last 
chapter and this should not be passed by. The whole of the 
inflorescence in certain Aroids and palms is enclosed com- 
pletely, by a large sheath and it is termed a spathe. It is not 
uncommon to have more than one spathe in the inflorescence, 
for instance there are many spathes in the spadices of Musa. 

We find endless variations in the structure of flowers, and 
so it is necessary to examine the flowers of a few more plants. 
We may study the flowers of Dolichos Lahlah, Croialaria, any 
Hibiscus, Ipomoea, RuelUa iwostrata, Allium Cepa, Grinum 
as'iaticum and Aristolochia hmefeata with advantage. 

The flowers of Dolidm Lahlah are clustered together so as 
to form a compound raceme. The flower-stalks of the indi- 
vidual flowers (pedicels) spring from the axils of small bracts 
and there are also two bracteoles, one on each side of the 
calyx. The outermost whorl of the flower the calyx, is ir 
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the form of a cup, hut five divisions may he made out in it, 
showing that it consists of five sepals ; in such cases as these, 



Fig. 2B9. A spathe and spadix of the Coconut palm. 


the calyx is described as gamo- or mono-scpalous. Of 
petals there are five, and they are not all alike ; one petal is 
larger than the others and it is the outermost in the bud. In 
an open fiower this petal stands upright and is generally very 
conspicuous, and it is called the standard. On the sides of 
the standard and below are two petals and these are called 
alae or wings. Next to these come two narrow petals bent 
in the middle and cohering so as to resemble a boat, the 
keel petals, Within the keel petals lie the stamens, ten in 
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number. One stamen alone remains free and the remaining 
nine are united together by their filaments so as to form a 
tube slit on one side. Stamens thus united into two buntlles 
are described as diadclphous. The anthers are all uniform. 
The pistil consists of an ovary and a style bent in the 
middle so as to correspond witli the bending of the keel 
petals. 



Fig. 240. The floral pjirts of DoUclm Lailah. 
A, calyx ; B, petals; 0, stamens'; D, pistil. 


The floAvers of Crotalaria resemble those of DoMclios Lah- 
lab in all essential respects. The stamens are in this case in 
one bundle (monadclphous) and the anthers are of two 
kinds, five elongated and five rounded and short. When the 
stamens are of two kinds, as in this case they are said to be 
dimorphic. 

Of the various species of Hibiscus the commoner ones- 
such as, Hibiscus esculentus, H. viti^olim, E.cmnahinus 
and H. micmnthm may be examined. In Hibiscus esculen- 
tus the flowers are solitary and axillary. There are a number 
of bracteoles forming an epicalyx. The calyx is tubular 
and it opens on one side to allow the petals to come out. 
There are five petals free, except at the very base, where they 
are attached to the stamina! column. The stamens form a 
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tube, i.e., they are monadelphous. All the anthers are borne 
by short threads disposed along the outside of the tube. An 
anther usually consists of two lobes, but in this flower it has 
only one lobe. Within the staminal tube lies the pistil, 
which consists of a dilated portion, the ovary, a thin thread- 
like part, the style, terminating in five branches bearing the 
stigmas. 



Pig. 241. The floral parts of Hibiscus vitifolhis. 1, receptacle ; 2, 
bracteole ; 3, calyx ; 4, base of petal ; 5 staminal tube ; 6, style 
branches bearing stigmas. Two anthers, one closed and the 
other open, are also shown. 

The flowers of Hihmus vitifoUus and H. cannahinus are 
limilar to those of H. mulentus in all essential respects, but 
he bracteoles and the calyx are different. The flowers of 
T. mkranthus are rather small and the petals are white, 
vhereas those of the species mentioned above are yellow. 

The flowers of Cassia are collected together in simple or 
compound corymbs, and the flowers are bracteate. The 
lepals' and petals are both free and they are very often of 
he same colour, and the sepals ar© then said to be petaloid. 
further, the sepals vary in^ size in the same flower in several 
ipecies of Cassia. Stamens are ten and are not all alike ; some 
tre long with well formed anthers and others short with 
mperfect anthers,’ The anthers open by means of pores 
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at the apex. The pistil is like that of DoUchos Lahlab in 
essential points. 

The flowers of Ipomoea are different from those already 
described in this chapter. A flower-stalk terminates in a 
flower, or there may be three flowers borne by the peduncle 
and then, the middle flower is invariably the oldest. So the 



Fig. 242. The floral parts of Ipomoea. 1, corolla laid open with 
epipetalous stamens ; 2, the pistil $ 3, young fruit ; 4, transverse 
section of a young fruit ; 5, capsule with persistent quincuncially 
arranged sepals. 


inflorescence is a cyme. In some species it is a dichotomous 
cyme. The sepals are generally free and their folding is of a 
particular type called quincuncial. Of the five sepals, two 
are completely outside, two inside and one partly inside anc^ 
partly outside. The corolla is in one piece and hence called 
monopctalous* It is tubular, funnel-shaped or hell-shaped 
according to the species. ^ Five lobes cair be made out in the 
corolla. From inside the tube five, stamens arise, and so they 
are said to be epipetalous. The pistil consists of an ovary 
and a thin style terminating in a stigma of two globular 
bodies. Within the ovary there may be two cells or four. 

16 
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The flo-wers of Rudlia prostrata axillary and solitary. 
The calyx consists of five free sepals and the corolk is 
tubular and funnel-shaped. There are only four epipetalous 
stamens, two long and two short. The ovary is two-celled, 
the style thin and the stigma bifid. 



Fig. 243. The flower of Ruellia and its parts. A, corolla ; B, corolla 
laid open with didynamons epipetalous stamens; C, pistil; D, 
capsule ; E, capsule bursting and hurling the seeds. . 

The flowers so far dealt with are regular and complete 
ones. The flowers of Achyranthes and Aristolochia are 
not so. In both, there is only one whorl of perianth, and it 
is the calyx. The ovary in Aristolochia is inferior and, in 
Achyranthes, it is superior. The stamens of Achyranthes are 
five and they alternate with five scale-like structures, called 
staminodcs- In Aristolochia the stamens are reduced to 
tl^eir' anthers without filaments and they are sunk within a 
shortened style. The style is very much abbreviated and it 
is surmounted by a six-lobed stigma. There are six anthers. 

There are many plants in which the^flowers are unisexual, 
instead of being bisexual. The flowers of Gourds and 
Cucumber plants are unisexual. In Coccinia indica the 
flowers in a plant are all either staminate (male), or 
pistillate (female). On the same plant we never find both the 
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kinds. So the plant is either a male plant or a female one. 
In such cases as these, the flowers or plants are said to be 
dioecious. If both staminate and pistillate flowers are found 



G. 244. The flower of Aristolochia hracteata. 1, longitudinal 
section ; 2, stamens and the style. 

on the same plant, as in . Cucurbita, Rioinus, Cocos and 
Acalypha, they are said to be monoecious. When bisexual as 
well as unisexual flowers occur on the same plant they are 



Fig. 245. The unisexual flowers of Coccima inclica. a, mah 
flower ; b, the stamens ; c, pollen grain highly magnified ; 
d, female flower ; e, style branches j f, transverse section of a 
young fruit. 

polygamous. As examples of plants with, polygamous 
flowers we may mention Garica papaya, Gratceva religiosa 
and some times Aniarantus spinosus, 
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Fig. 246. Flowers of Fig. 247. The floral parts of Achyrantlm 
Aohyra7itlm aspera, aspera. 1, stamens with staminodes ; 

1, flowers on the 2, fruit j 3,. seed, 

axis ; 2, detached 
flower with bract 
and bracteoles ; 3, 
pistil. 

Before dealing with the monocotyledonous flowers, we 
shall do well to refer to one or more plants having incomplete 





Fig. 248. The floral parts of Amarantus viridls. 1, male flower with 
four, perianth lobes ; 2, male flower with three perianth lobes ; 
3 female flower j 4, ovary ; 5, fruit ; 6, seed. 
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flowers. In tlie yery = widely distributed .A viridis 
the perianth is single,. and even this is liable to variation. In 
most of the male flowers 'there are three perianth se^ents, 
in - some four and in rare instances even five. The stamens 
also vary in number from "three to five. In all the female 
flowers, we find only three perianth segments. 

We shall now consider the.structure of the flowers -of the 
two monocotyledonous plants Allium Cepa ind.' Grimm 
asiaticum. 

•The flower of Allinm or Onion has two whorls of 
perianth, the calyx and the corolla, both of them being white. 




The sepals and the petals alternate with each other, and there 
are three members in each of these whorls. The stamens are 
in two whorls of three each, and-.the stamens of the outer whorl 
are opposite to the sepals and- those of the inner to the petals. 
The ovary' is superior and three-celled. The flowers are 
pedicelled and are in umbels ; but the opening of the flowers 
is from the centre to the peripheral part of the circumference. 
So, though the. inflorescence is an umbel, it is cymose in 
character. The-, flowers of Crinuni are also in umbels, and 
they do not dif er very much from'.the onion flowers in their 
structure, except that the parts are larger and the ovary is 
inferior. 

From, a study of the structure of a few flowers, we clearly 
see that the parts of a flower are subject to considerable 
variations. So, it would be instructive to deal with the parts 
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of the flower^ in a general way, noticing only the more 
striking variations presented by them. 

The calyx. — As the main work of the calyx is protection 
of the other parts of the flower, it is obvious that it should be 
found in the flowers of all flowering plants, except in cases 
where the protection is given by some other part. For 
instance, in the flowers of a head in a Coinpositos, such as, 
Tridax and Yernonia, the bracts forming a sort of envelope 
to the head do this duty. The flowers of grasses are devoid 
of calyx, the necessary protection being the work of the very 
well developed bracts (these are called glumes). The calyx 
will have done its work, as soon as the flowers open, and so it 
withers and falls down sooner or later. If the sepals fall off 



Fig. 250. The large presistent calyx in the flowers of Phijmlk minima ' 
(The branch reduced and the fruit iiat. size.) 

as soon as the flower opens (as in Argemone mexaccma), they 
are said to be caducous ; when they fall some time after the 
opening of the flower, they are deciduous and, if they remain 
without falling off, then they are persistent. In some cases 
the calyx is not only persistent, but also grows with the fruit, 
and not infrequently envelopes it. The Brinjal . fruit pos- 
sesses a persistent calyx growing along with the fruit, but it 
does not overgrow and enclose it. On the other hand, in 
the fruits of Physalis and Withania this part is persistent and 
grows very much more than the fruit and ultimately covers 
the fruit fully. ( rr f v, / C-a fjf^ ] 
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In a calyx tlie sepals may be free, or they may be united. 
The sepals may be regular and all alike as in Tribulus and 
Gynandropsis, or they may be irregular as in Cassia, Ipomoea 
and Caesalpinia. 

The surface of the calyx may have various outgrowths in 
the form of hairs, scales and glands. In colour this part is 
green in most plants, although in a few cases they happen to 
have the colour of the petals ; and then the calyx is said to 

be pctaloid. 

The corolla. — This is the most attractive and beautiful 
part of the flower and it is also the conspicuous part by 
reason of its colouration. We meet with greater variations 
in the corolla than in the calyx. The petals are either free, or 
united, as in the case of sepals. If the corolla is tubular and 
widened above as in Datura, it is said to be funnel-shaped.:' 



Eia. 251. Corolla and their forms. Funnel-shaped, ligulate, 
hypocrateriform, rotate and labiate, respectively. 

It is described as hypocrateriform, when it is tubular with 
the limbs spreading at right angles. Such a one is seen in 
Vinca rosea. This may also bo described as salver-shaped. 
A monopetalous corolla like that of Solanum Melongena is 
rotate or wheel -shaped. A tubular corolla may have its 
upper portion divided, into two parts, and then it is said to be 
two lipped or labiate. 

In the heads of plants of the family Compositse there are 
two kinds of flowers ;« one with -a tubular corolla in the 
centre of the head, and all round the margin- of the head we 
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find the other kind with strap-shaped corollas, which are 
described as ligulatc. 

The petals of a corolla may all be similar in shape and 
size and then it is regular. In several flowers the corolla is 
irregular. For instance the petals of Orotalaria and Dolichos 
flowers are not all alike. Of the five one is larger than the 
others, and it is called the standard ; two of the petals are 
alike and are called the filae or wing petals ; the remaining 
two together resemble a boat in shape, and, therefore, these 
are called keel petals. A corolla consisting of petals thus ■ 
modified is called a papilionaceous corolla. 

There are flowers wherein the corolla possesses out-’ 
growths of various forms. Such outgrowths are known as 
the corona. The flowers of Nerium, Wrightia, and Cardio- 
spermum have coronas in the corolla. Another very good 
example of a corolla with a corona occurs in Passiflora. 



Fig. 252. CorollaS' with corona. A, flower of Nerium ; 

B, flower of Wrightia. 

Before considering the stamens we should deal with the 
folding of the sepals and the petals in the bud, because the 
mode of folding is more or less uniform and common to a 
gi'oup or family of plants. For instance, the folding of the 
petals seen in the flower buds of Orotalaria and Dolichos 
occurs in all the flowers of plants belonging to the family 
Papilionaceag. The petals or sepals just touch each other by- 
their margins without overlapping in some flowers, as in the 
case of the petals of Calotropis ; then they are said to be val- 
vatc. These, instead of touching by their edges, may overlap 
each other. For instance, the petals of Hibiscus are as it were 
twisted,. so that one margin of a petal lies above the hinder 
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margin of the petal in front of it and the edge behind is 
over-lapped by the front margui of the petal which lies behind 
it. All the petals are folded thus. This mode of folding is 
called contorted or twisted. In this method of folding 
there is regularity ; every petal 
yT has one of its edges covered 

1 j I s V and the other covering. In 

/ \ J some flowers this regularity is 

disturbed by one or more petals 
getting fully in so that both 
margins are inside. Then 
f 3 \ i 4 mode is imbricate. There 

i J \ ) are several special cases of 

imbrication and one in which 
i- • two petals have both their 

Vr . edges outside, two with both 

\ A margins inside and one 

J ( ^ i margin in and the . 

j/ ' \ y other out, as in the sepals of 

^'***®^ Ipomoea and Tribulus, is 
FiCx. 253. Aestivation of the called quincuncial. 
flonal leaves in the flower The Stamens.— The stamens 

of a flowerareako subject to 
imbricate ; 4, quincuncial. considerable variation. The 
filaments of the stamens may 
be free as in Tribulus, or they may become united into one 
bundle, as in Hibiscus and Abutilon. When the filaments 
are united in^ one bundle the stamens are said to be mona- 
delphous : if they form two bundles as in Dolichos, then 
they are diadelphous. Occasionally we meet with stamens 
whose anthers alone are united, the filaments being free. In 
this case the anthets are said to be syngeixesious. 

Usually the stamens have filaments, but in some cases they 
are reduced to anthers, as in Orchids and Aristolochia. In 
both these cases the anthers are attached directly to the pistil, 
and so the stamens are said'^o be gynatidrous. 

There- is variation in stamens as regards number ; they may 
he many (indefinite), as in the flowers of Argemone mexicana 
or a definite number may he present as in the flowers of 
Tribulus. The filaments of stamens may all' be ' equal in 


FiCx. 253. Aestivation of the 
flonal leaves in the flower 
bud. 1, valvate ; 2 and 6, con- 
torted or twisted 3 and 5, 
imbricate ; 4, quincuncial. 
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length, or there may be variation even in this respect. For 
instance, in the flowers of the Mustard and Radish plants there 
are six stamens, four with longer filaments and two with 
shorter ones. In this case they are said to be tetradynamous . 
Ill some flowers, as in the case of Justicia, Leucas and Stemodia, 
there are four stamens two being longer than the other two ; 
and in this case, the stamens are described as didynamous. 



Fig. 254. Fig. 255. 

Tetradynamous stamens. Didynamous stamens. 

The stamens may spring directly from the receptacle as in 
Argemone and Tribulus, the ovary being superior ; or they 
may be attached to the corolla. In the former case the attach- 
. ment being below the ovary, the stamens are described as 



Fig. 256. A, Perigynous ; B, Hypogynous ; C, Epigyuous flowers. 


inferior, and in the case of the latter they are 
epip etal ous . W e find in some flowers stamens springing, as it 
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were from the top of the ovai*y, as in Guava flowers. Then 
the stamens are said to be cpigynous. In the pomegranate 
flower and in the rose flower the stamens are attached to the 
edge of the receptacle and round the ovary. So the stamens 
are said to be perigynous. 

The anthers are attached to the filaments in various ways. 
An anther attached to the top of the filament at its base is said 
to be basifixcd or innate. Examples for this are furnished by 
Cassia. Sometimes the filament becomes prolonged behind the 
anthers, when the, anther is described as adnate or dorsifixcd. 
In some rare instances as in grasses, the anther is attached to 
the top of the filament just at a point, so that it moves freely 
and then the anther is said to be versatile. The part of the 
filament to which the anthers are attached is called the con- 
nective. This part becomes very conspicuous in some plants 
by becoming prolonged beyond the anthers, as in Anona, Ade- 
nanthera and Trichodesma. The prolongation may also have 
appendages as in the flowers of Nerium. (See fig. 259.) The 

close approximation or sepa- 
ration of the lobes of an anther 
depends upon the develop- 
ment and growth of the con- 
nective. "When the connective 
is large and well developed, 
the anther lobes are far apart. 
Even with a poorly developed 
connective the lobes of the 
anther remain quite separate, 
and examples for this are 
afforded by Justicia and 
Stemodia. In rare instances, 
as in Ocimum and Salvia, the 
connective becomes prolonged 
into two arms, one of these arms remains very short and 
bears no anther lobe, whereas the other one is long and 
carries an anther lobe. 

The dehiscence of anthers is also varied. In most cases 
the anthers open by means of longitudinal slits. Instances 
for this are seen in Datura and Tribulus. They, open by 
apical pores in Cassias and Solanums. There are also anthers 



Eig. ii57. Stainens showing 
attachment of anthers. 1, 
innate or basifixed ; 2, adnate 
or dorsifixed ; 3, versatile. 
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opening by special lids or valves. Antbers of Mabonia, 
Berberis and those of tbe* plants belonging to tbe family 
Lanrineae are of this sort. 

In tbe case of tbe dehiscence by a longitudinal slit tbe 
face of tbe anther may be towards tbe pistil or tbe petals ; 

in tbe former case the anther 
is said to be mtrorse, i,e., 
inside, and in tbe latter 
cxtrorse. 

As in tbe case of petals, 
we have in some cases out- 
growths from tbe stamens 
also. These are called stami- 
nal corona. We have already 
referred to tbe appendages of 
Fig. 258. Dehiscence of anthers, the connective. They may 
1, longitudinal j 2, by apical also arise from filaments as in 

porej 3, valvular. Calotropis. 

The Gynoeccum or the Pistil. — We have now to deal 
with the innermost whorl, 
tbe pistil, or tbe female 
part of the flower. In tbe 
Tribulus flower this part 
consists of a five-celled 
ovary with a very short 
style terminating in a five- 
rayed stigma. 

Within tbe ovary there 
are five rows of ovnles one 
in each cavity. These 
rows are attached to a 
central axis, and tbe place 
of attachment of ovules is 
termed tbe placenta. In 
Tribulus tbe placentas are 

Fig. 259. Appendages of thecon- ^ 

iiective and filament in Nerium, ^his arrange- 

Polyalthia, Adenanthera and ment is called axile 
Calotropis. placcntation. As further 
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examples for this kind of placentation, we may mention 
Ipomoea, Hibiscus and Aristolochja. 

In Gynrmdropm pentaphylla we have an ovary, single- 
celled, with a short style 
v\\ I // ah/ terminating in a conspicu- 
ons stigma. There are three 
^ ^ or four p lacentas on the wall 

U ' ^ of the ovary, and so the 

^5" placentation is said to be 
parietal. The ovary of 

Dolichos also has a single 
'^^1 U cavity, but with only one 

placenta. Instances . of 

^11 \ ' parietal placentation are 
^ ' ,. » found in Argemone, Cucur- 

the ovary of Trilulm terrestrio. ' Modecca and lonidium. 
The ovules are also borne 
sometimes on an axis springing from the base of the ovary. 
This kind of placentation is termed free-central, because the 
central axis bearing the placentas is quite free and not 
connected with the wall of the ovary. In Portulaca and 
Polycarpaea, the placentation is of this kind. 

The ovary ‘is considered to consist of a, number of carpels 
and this corresponds with the number of the cavities in the 


ovary. 

An ovary consisting of only a single carpel, as in Dolichos, 
Crotalaria and other leguminous plants, is termed a mono- 
carp ell ary or simple ovary ; in this case we find only one 
placenta. In Hibiscus, Tribulus and Aristolochia there are 
more than one, and so the ovaries in these cases are compound. 
The cavities in the ovary may or’ may not correspond with 
the number of carpels. For instance, iii the ovary of Gynan- 
dropsis, Cucurbita and Portulaca we find only one caVity and 
yet, in all these cases, the ovary 'should be coihsidered 
compound, because of the plurality of the placentas. ’ 

All the carpels in ^n ovary may be united as in Tribulus, 
and then it is said to be syncarpous ; on the other hand if 
they are free as in Polyalthia (see fig. 295), it is apocarpous. 

For the sake of convenience in description, the part of the 
placenta bearing the ovules is called the ventral suture, the 
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]]art opposite to it l)eill^’• tei-med the dorsal suture. In Tri- 
l)-alns, Aristolochia and Hibiscus the narrow ]:)ortion of the 
carpel near the central axis is the ventral and the broader 
back portion is the dorsal suture. 



Pig-. 2G1. Different kinds of placentation. A, D, parietal ; C, axile ; 
B, basal. 1, placentum ; 2, wall of the capsule ; B, seeds. 


Ill many plants the styles are quite distinct and they may. 
be long or short, but there are also flowers in which it is very 
short or absent. The style in many cases becomes divided 
into branches at the free end, the branches corresponding in 
number with the carpels. The stigma is situated at the free 
end of the style, or on the top of the ovary. It, may be simple 
or it may become branched, sometimes very much so as in the 
ovaries of grasses. We shall have to speak about this part 
later on in connexion with pollination. 

We have already learnt that the flower stalk bears the 
parts of the flower at its free end ; and this end which is 
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termed the receptacle (also torus or thalamus by some 
authors) is subjected to some modification. It is in some 
flowers somewhat swollen, as in Argemone and Tribulus. 
In this case all the parts of the flower arise from the top of 
it, the ovary being superior, and the other parts below it 
(hypogynous). As already pointed out, the ovary is 
inferior in Coccinea and Crinum, but the other parts are 
superior (epigynous) ; and this is due' to the modification 
of the receptacle. This, structoe instead of remaining 



Fis.2()2. The receptacle and its modifications. A receptacle-fused, 
with the ovary, only at the base ; B, receptacle separate and 
prominent ; C, receptacle completely fused with the ovary. ' , 

convex becomes hollow, and encloses the ovary. The wall 
of the ovary becomes fused with the receptacle. Sometimes 
the receptacle becomes hollow, but remains open at the top, 
as in the flower of pomegranate. The calyx, corolla and the 
stamens spring from the prolonged edge of the thalamus 
(perigynous). 
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CHAPTEE XYII 

THE ESSENTIAL ORGANS AND THEIR FUNCTIONS 


The main function of the flower is the production of seeds, 
and for the setting of the seeds two distinct processes are 
necessary. They are the transference of the pollen-grains 
from the anthers to the stigma (pollination), and a fusion of 
a hit of the protoplasm of the pollen-grain with a portion of 
the protoplasm within the ovule (fertilization). We know 
that the parts of the flower directly concerned in these 
processes are its essential organs, the stamens and the pistil. 

For the clear understanding of these two processes, a 
knowledge of the essential organs is necessary. The stamens 
are the parts intended to produce the pollen-grains. A stamen 
usually consists of a filament and an anther, hut it is the 
anther alone that is of importance. The filament is only a 
stalk supporting the anther, and we have many instances in 
which the filaments are absent, the stamens being reduced to 
mere anthers. To study the structural details, the stamens of 
Trihulus may be used, as it is typical of the anthers of a good 
number of plants. A transverse section of this anther reveals 
two distinct lobes with two cavities in each, filled with pollen. 
But the lobes of an old anther present only a single cavity, as 
the two cavities get fused. The anther lobes are held together 
by the connective, which is traversed by a vascular bundle. 
The wall of the anther consists of two layers of cells, an outer 
layer or the epidermis and an inner layer in which the cells 
" have special thickenings (and hence called fibrous cells). This 
differentiation in the cells of the wall of the anther is intended 
to facilitate its dehiscence. The outer wall of the cells of 
the epidermis bulges slightly outwards and there is protoplasm 
within these cells. Until the maturity of the anther these 
cells remain in a turgid condition. The pollen grains take 
some time to develop and until they are fully formed they 



THE ESSENTIAL OEGAI^S AND THBIK EITNCTIONS 257 


need protection. So tlie wall of the anther remains intact 


<*5 A.W 



''C rc 


Fig. 263. Structural details of 
the anther of Tnhulm tefreMrh. 
C, connective; A.W, anther 
wall ; P.S., pollen sac. The 
third figure is the anther wall 
highly magnified, F.c, fibrous 
cells ; E.c, epidermal cell. 


and does not burst, till the 
pollen is ripe enough for 
shedding. As long as the 
epidermal cells are turgid 
they exert pressure on the 
fibrous cells lying below the 
epidermis. As the anther ap- 
proaches maturity the epider- 
mal cells begin to lose water 
gmdually. This means the 
gradual lessening of the pres- 
sure on the fibrous cells and, 
as soon as they are freed from 
it, they tend to expand and 
assume their natural size. 
The remoTal of compression 
on the fibrous cells leads to 
the curling of the anther wall. 
This, of course, causes the 
Avail to break in some place 
where it is weak. 


The pollen-grain of Trihilus terrestris is round and it is 
only a bit of protoplasm enclosed by a cell wall in which two 

distinct layers, an outer cuti- 
nised and an inner cellulose 
layer, can be distinguished. 
The outer layer is thickened 
in a peculiar manner as 
shown in fig. 2 64. The 
inner layer is smooth and 
uniformly thick. There is a 
great deal of variation in^ 
size and form, and the sculpturing of" the outer layer in 
the case of the pollen-grains, according to the species of the 
plant. Those of very showy flowers are in many cases provided 
Avith spiny or other kinds of projections, or the outer layer 
may be sticky. In a few cases, we find some spots in the Av^all 
formed beforehand for the coming out of the ].ollen-tuhe. 

' 17 • 



Fig. 264. Pollen-grain of Tribn- 
lus very highly magnified. 
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Some pollen-grains have special lids also, as in the case of 
Cuciirbita. 



Fig. 265. Pollen-grains of. Hibiscus and Thespesia (highly 
magnified). Note the germination of the grain. 

The free end of the style or the stigma is the part intended 
for the reception of the pollen. It has to catch the pollen- 
grains and retain them, and also to assist them to germinate. 
The surface of the stigma is usually rough due either to 
papillae or hairs, and a sticky juice containing some sugar 
is also secreted by it. Both these conditions are useful in 
retaining the pollen-grains on the stigma. 

Sometimes the stigma becomes very much branched and 
is consequently plumose, as in the case of grasses. It is said 
that the pollen-grains are safeguarded from the attacks of 



Fig. 266. Germinating 
pollen.grains of 
sugarcane. • 


Fig. 267. Stigma of Hibiscus. The first 
figure shows the five stylar branches 
bearing the stigmas (slightly magnified) 
and the second figure is a stigma with 
pollen-grains (highly magnified). 
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bacteria, by the stigmas secreting some substance detrimental 
to their growth. A stigma is not always receptive ; it l)ecomes 
receptive as soon as the flower opens and generally continues 
to be so for sometime, this period varying with the kind of 
the plant. The sugary juice secreted by the stigma seems to 
be necessary to stimulate the pollen-grains to germinate. It 
is only when the stigma is receptive tot we find the sugary 
juice, and if it is absent it is an indication that the stigma is 
not receptive. 

The ovule which develops into seed^after fertilization lies 
within the ovai*y. It does not develop into a seed unless a 
bit of protoplasm from the pollen-grain finds its way into the 




Fig. 268. Stigma of a grass plant. The first figure shows the whole 
of the pistil and the second shows fine branches of the stigma 
with pollen-grains germinating, as seen under high power. P, 
pollen-grains. 

interior of the ovule and mixes with a definite part of the ovule. 
When the ovule is fully formed and ready to receive the bit of 
protoplasm from the end of the pollen tube, it consists of a large 
cell, called the embryo-sac, amidst a mass of cells (the 
nucellus). This mass is covered, except at the top, by two 
membranes called the integuments. The opening at the top 
is called the micropyle. The embryo-sac at this stage pos- 
sesses two groups of nuclei one at the top and the other at 
the bottom. In each of these groups, there are three nuclei 
• 17-a 
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Of the three lying at the top of the sac close to the micro- 
pyle, one nucleus is slightly larger than the others, and this is 
called the egg-cell. The other two cells, called synergids, 
seem to be helpful in directing the contents of the pollen- 
tube to the embryo-sac. The three- cells at the other or far 
end of the eml)ryo-sac, called antipodal cells, do not seem 
to take any part in the formation of seed. Within the 
embryo-sac midway between the two groups of nuclei, lies a 
single large nucleus, which is called the nucleus of the 
embryo-sac, or the secondary nucleus. (See Tig. 271.) 

The pollen-gi’ain, deposited on 
the stigma, emits a tube and this 
comes to the top of the embryo-sac 
finding its way through the style and 
the micropyle. At the end of the 
]mllen-tube we find two nuclei, and 
' both of them get into the interior of 
the embryo-sac undone fuses with the 
egg-cell and the other with the 
secondary nucleus. This fusion of 
the nuclei of the pollen-grain with 
those of the ovule is really the pro- 
cess of fertilization. It is only after 
this fusion that the egg-cell is 
capable of division and development 
into the young embryo plant that 
we find in the seed. The secondary 



nucleus divides and gives rise to the 
endosperm, after the fusion of the 
nuclei. 

Now it is obvious, that, for the 
production of offspring, the fusion 
of the male and -female cells is 
essential even in the case of plants, 
as it is in the case of animals. 
Further, the offspring is likely" to 
be better in quality when the sex 


Fiu. 269. A diagram to 
illustrate pollination and 
fertilization. 1, inner 
integument j 2, outer 
integument j 3, chalaza 
or base of the ovule ; 
4, funicle j 5, wall of the 
ovary; 6, pollen-tube. 
The ellipsoidal white 
space within the integu- 
ments is the embryo-sac 


cells uniting together are from different plants. 

The pollen-grains of a good many of the flo’wering plants 
have no power of spontaneous movement. So they have to 
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depend upon some external agency for the pollination of their 
flowers. Even in the case of plants with bisexual flowers, 
extraneous aid is necessary for pollination. The transfer of 



Eig. 270. k photomicro- 
graph of a longitudinal 
section of two ovules of 
a lily under high power 
showing the secondary 
nucleus. (From a slide 
prepared by Dr, M. A. 
Sampathkumaran ) 



Tg. 271. A 
photomicro- 
graph of a 
longitudinal 
section of an 
ovule of a lily 
utider high 
power show- 
ing the egg- 
cell, th^ ' sy- 
nergids and 
the antipodal 
cells. (From a 
slide prepared 
by Dr, M. A. 


kumaran.) 
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pollen to the stig-ina from tlie anthers of the same flower, as 
well as from the anthers of a different flower on the same 
plant, is called self-pollination. Pollination of the stigma 
of a flower with the pollen from flowers of a different plant 
is called cross-pollination. 

As a matter of fact, selt-pollination occurs in several plants 
especially annuals. In some cases flowers are self-pollinated 
regularly and such flowers are usually small and inconspicuous 
without smell or honey. As examples for this, we may 
mention the Chenopodiums. We have also certain plants 
wherein self-pollination is made impossible in the earlier 
stages, hut later, just before fading, this becomes possible. 
For instance, in the flowers of Hibiscus micrantJms and 
Ahiitilon indimm the style branches project a little above 
the anthers just when the flowers open, and so the pollen 
cannot reach the stigma. It is evident that pollen from a 



A B 

Pig. 272. Flower of Hlbi^cuH m'icranthus. 

A, morning and B, ' evening positions. 


different flower has to be brought and deposited on the 
stigmas by some agency, either wind or insects. If the 
stigmas fail to receive foreign pollen, they bend down so as 
to come near the anthers in the same flower, to be at least self- 
pollinated. In both these flowers, the petals close and press 
, on the style branches and thus assist them in coming near the 
anthers. In some flowers, as in Evolvulus alisinoides, the 
style lies bent away from the anthers just, at first, but later 
it changes its position, so as to bring the stigma nearer the 
anthers to make self-pollination possible. 

The flowers of Mirabilis jalapa are also adapted for self- 
pollination, when cross-pollination fails to occur. These 
flowers open towards the evening and e^mit a very strong 
scent. Just then, both the stamens and the stigma are far 
exerted, the stigma alone projecting above the stamens. 
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Usually two species of moths visit these flowers and if they 
are not visited by any insect, the stigma manages to get self- 
pollinated either by the elongation of the stamens or by the 
slight bending of the style, so as to reach the anthers. 


The flowers of some Compositae are specially interesting 
in that they have special adaptations in their floral mechanism 
to secure self-pollination, should cross-pollination fail to take 
place. Tor example, in the plant Tridhx procumhm, a weed 


found everywhere, the heads 
have bisexual flowers in the 
central portion of the disc 
and the ray towers are all 
female. , The stamens are 
e pi petal ous and the anthers 
are adherent, so as to form a 
tube. The style is bifid and 
the branches are pressed 
together, in such a manner 
that the receptive surfaces 
are in contact and so not 
exposed. At first, when the 
flowers are unopened, the 
style is short, but, as soon as 
the flowers begin to open 
the anthers dehisce and the 
style elongates. So the pollen, 



Fig. 273. Floral mechanism of the 
flowers of Tridax promnihens, 


lying in the anther tube, gets pushed out and remains 
at the top of the anther tube. The tip of the style- 
may also carry a small amount of pollen, besides what may 
adhere to the hairs of the style branches on the outer surface. 
The style grows and after projecting a little above the anther 
tube, the branches separate and diverge, exposing the 
receptive surface. The stigmas thus exposed remain receptive 
for some time so that cross-pollination may occur. If the 
stigmas fail to receive pollen by insect visits the style branches 
diverge still more and eyen curl round, so that the receptive 
surface may come in contact with the pollen adhering to the 
lower surface of the style branches, or with the pollen lying 
atthe top of the anther tube. Self-pollination is thus ensured, 
if cross-pollination has not already taken place. 
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Instead of tins makeshift arrangement to secure self- 
pollination, when cross-pollination is a matter of some 
difficulty, some plants produce two distinct sets of flowers, 
one adapted for cross-pollination and the other for self- 
pollination. In Oommelina lenglialensis we have a' 'plant of 
this sort. The beautiful blue flowers are regularly cross- 
fertilized and the underground or low-lying inconspicuous 
flowers that remain as Buds without opening are self-fertilized. 
These inconspicuous flowers are called cleistogamous 
flowers. 

Charles Darwin, the great English naturalist, proved by 
a series of experiments with different plants that cross- 
pollination is more advantageous to a plant than self-polli- 
nation. If we examine flowers of a number of wild plants 
growing in a place, we find in them numerous contrivances 
favouring cross-pollination to the exclusion of self-pollination* 
Eecent workers in the field of plant-breeding have also 
established beyond doubt, that cross-pollination is not only 
more advantageous to the plant than self-pollination, but it 
also confers on plants certain racial advantages. 

A most perfect arrangement to ensure cross-pollination is 
to have the essential organs on separate flowers. We find a 
host of plants in which the flowers are unisexual. In some 
plants, as in Cucurbita and Eicinus, we find both male and 
female flowers on the same plant (monoecious), in others, as 
in Goccima indica and in some palms, the male and female 
flowers are found on different plants and not on the same 
individual (dioecious). 

Bisexual flowers become adapted for cross-pollination to 
the exclusion of self-pollination, by having the essential organs 
active at different times. The stigmas may mature and 
become receptive prior to the anthers. In Cumbu {Pennis- 
stiiin typfwideiim) spikes, the stigmas protrude from the 
spikelets and become receptive, while the anthers are still 
within the glumes. Such flowers are called protogynous. 
The female sexual organs in the protogynous flowers are ready 
for-feitdlization long before the anthers are ripe in the same 
flower, andr therefore, the flowers have to be pollinated only 
by the pollen of older flowers. There are also plants wherein 
the stamens shed their pollen prior to the receptivity of 
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the stigmas. The flowers are then termed protandrous. 
Protandry seems to be more common than protogyny. 
Flowers of several Compositae, and Malvaceas are protan- 
drons. Pollination in this case is effected by the pollen from 
younger flowers. 

In very many plants self-pollen is sterile, as in the case 
of many leguminous plants. The pollen in the flowers of 
certain orchids is said to act as a poison, if it falls on the 
stigma of the same flower. There are also instances in which 
the pollen from the same flower fails to fertilize, if foreign 
pollen falls on tlie stigma, soon after self-pollination. This 
means that foreign pollen is prepotent over self-pollen. 

Another very effective arrangement promoting cross- 
pollination exists in the flowers of several species ot 
Jasminnm. The corolla in all cases is tubular and the 
stamens are epipetalous. In some flowers the style is short 
reaching only half the length of the tube, whereas the anthers 
are at or near the throat of the corolla. On the same plant 
we also find flowers in which the styles are longer and 
coming up to the throat of the corolla, while the stameng 
remain within the tube about midway. 

In the case of land plants it is obvious that for cross- 
pollination some extraneous aid is necessary, because of the 
fixity in position of these plants and of the absence ol 
spontaneous movement on the part of the pollen -grains 
The agents usually active in this work are wind and insecti 
and, in rare cases, wa.ter . Plants depending upon insects foi 
fertilization are very many, and those pollinated by wind ar< 
not inconsiderable. 

When plants depend upon wind for pollination, the stig 
mas have to wait for the pollen that may be wafted by th^ 
0 ^in d, and this is purely a matter of chance. Therefore, W' 
should expect to find certain conditions specially favourabl 
to this process in these plants. In the first place, large qimn 
titles of pollen should be available to ensure pollinatioi] 
Winds may carry large ^quantities of pollen, but the pollei 
likely to fall on the stigmas can only be proportionately ver; 
inconsiderable. And, therefore, the flowers that are to b 
wind-pollinated should s tand out far abov e the foliage leaves 
so that the pollen may not be hindered from reachin 
the flowers. This is exactly what we find in the case o 
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wind-fertilize.d plants. For instance, in grasses, which are 
wind-pollinated the inflorescence rises tar above the level of 
the foliage ; in the case of trees dependent on wind for 
pollination, flowers appear, in most cases, at a time when the 
leaves have all fallen. As an example we may mention the 
tree, Odina Wodier. 

The abundance of .pollen is secured either by increase in 
the number of stamens in bisexual flowers, or by having a 
large number of male flowers. Sometimes the anthers 
become larger and produce plenty of pollen. To give a vivid 
idea of the abundance of pollen produced by this class of 
plants, we may mention the male spikes of Pandanus. A 
single ]3lant is capable of producing a very large quantity of 
pollen. It has been computed by some American botanists 
that a moderate sized Zea Mays plant produces about 
50,000,000 pollen grains. The pollen produced by these 
plants should also be adapted for being carried by the wind. 
So these grains are smooth, light and dry. The anthers are 
in most cases versatlTeT an arrangement best suited for the 
shaking out of the pollen very readily. 

The stigmas also have certain adaptations so as to enable 
diem to catch the stray pollen floating in the air. They are 
branched and plumose, thus getting a large amount of surface. 
fV.ll grasses and sedges, some Amaranths, Picinus, Pandanus 
ind Odina are wind-pollinated. 

Prom this we see that wind-pollination involves the 
expenditure of a large amount of energy. As the polleh- 
pvains are composed almost wholly of protoplasm, a material 
nost difficult to manufacture, this enormous production of 
lollen-grains cannot but be a drain on the resources of the 
ilant. But this is necessary for ensuring pollination. 

We have now to consider plants that are pollinated by 
nsects . For successful cross- pollination flowers should be 
dsited regularly and systematically by insects. Casual and 
erratic visits, or indiscriminateness in the choice of flowers for 
dsits are not likely to be beneficial. Insects should have 
ome inducement to visit the flowers. Flowers, as we know, 

)roduce oo hen .and J amev, and both these substances are 

ufficient inducements to attract the insects and also ensure 
heir visits. By the mere secretion of honey in the flowers 
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the insects cannot be allured. To ensure their visits, it is 
absolutely necessary that the i)lace where honey is secreted 
should be made known to them. The colours of flowers are 
meant to show them the place where honey may be obtained. 

The infinite variety in colour and form of the flowers, as 
well as the different scents, are intended to attract the insect. 
In many plants the ])etals or the corollas are large and 
coloured so as to be very conspicuous. If the flowers are 
small, they are rendered conspicuous by being massed to- 
gether. Sometimes instead of the petals, bracts play the same 
part, as in Bougainvillsea. Stamens also partake in this work, 
in Neptunia and Dichrostachys. There are also instances of 
flowers wherein the calyx becomes highly coloured, while the 
corolla is absent. The brightly coloured part in the flowers 
of Mirabilis and Boerhaavia is the calyx. Even when the 
petals are present the sepals become coloured like the petals, 
and we have such examples in Cassia and Caesalpinia. 

The colour and the scent of the flowers are no doubt quite 
sufficient to attract the atten- 
tion of the insects, but to 
ensure the regular visitation 
of insects this is not enough. 

Something more substantial 
should be offered to them to 
induce them to frequent the 
flowers very regularly. The 
pollen serves as food, or as 
material for building the 
hives for some insects such as 
the bees. Further, nectar or 
honey is also secreted in 
several flowers. Insects such 
as moths and butterflies live 
mostly on nectar. As both 
these substances, honey and 
pollen, serve as food for 
these insects, they come to 
the flowers. 

Insects that visit the Fjct. 274 . Butterfly sucking honey 
flowers are bees, butterflies, from the flower of Petunia. 
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motlis and flies, xlll these insects have sucking apparatus, 
which in the case of flies are short and in moths and butter- 
flies they are very long and coiled like a spring. Bees take 
in honey and also gather pollen : moths, butterflies and flies 
drink only honey. As stated above, these insects visit the 
flowers, because they get food in the form of honey or pollen. 
Therefore, the secretion of nectar or honey is essential to 
ensure their visit. 

In the case of insect-]3ollinated flowers, pollen need not be 
abundant. So, in these flowers, stamens are generally fewer 
in number. Further, the grains have usually a rough surface 
which often also becomes sticky. Stigmas need not have a 
large amount of surface as in the case of wind-pollinated 
flowers. The special adaptations in these flowers are so 
perfect that imllination is a certainty. 

The nectar or honey is secreted usually by a disc at the 

base of the ovary. 
There are also in- 
stances of petals and 
se])als having nectaries 
either as glands, or as 
special pouches, sacs 
or spurs. The position 
of the nectary and the 
arrangement of the 
other parts of the 
flower are such as to 
make it impossible for 
the insects to get at the 
honey, without at the 
same time effecting 
pollination. It must 
mlso be remembered that, if the visit of the insect is to be 
of use in pollination, it is absolutely necessary that the part 
of the body of the insect which comes in contact with the 
anthers should also come in contact** with the stigma ; other- 
wise pollination will not take place. 

In flowers in which the corolla is regular and shallow any 
insect can get at the honey and effect pollination. For in- 
stance, in the Tribulus flower there are honey glands at the 



Fkj. 275. Head of Moth showing the 
length of the proboscis. 
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base of the stamens and between the petals ; the eorolla is 
shallow and the stamens stand erect and so any insect, a bee, 
or butterfly or a fly can get at the honey. In trying to get at 
the honey the lower portion, or the sides of the insect must 
necessarily get dusted with the pollen, and as the stigma is 
also of the same height as the stamens it must also touch the 
same part of the body of the insect. , 

Flowers having long tubular corollas like those of Vinca 
and Jasminum, or papilionaceous corollas like those of Pha- 
seolus, Indigofera and Yigna are not meant to be visited by 
all kinds of insects. Only butterflies and bees are able to get 
at the honey, and in their manoeuvres in search of honey they 
cannot help pollinating the flowers. Other insects cannot get 
at the honey, and so they do not visit these flowers. 

Colour of the petals, though intended to show off well by 
contrast, is probably not capable of attracting insects as well, 
as the scent of flowers and the smell of honey. The Mirabilis 
flower affords an example in support of this statement. This 
flower is visited by one or two species of the hawk moths ; 
and there are several varieties of Mirabilis and in all of them 
the flowers open towards the evening and emit a strong scent. 
Some time after sunset the flowers that are white, light- 
yellow or cream-coloured alone can be seen and the magenta- 
coloured flowers cannot be seen. Yet the moth visits both 
the white and red flowers with equal ease. Insects cannot see 
the colour from a distance, their range of vision in this respect 
being limited to within a few feet. Again they are able to 
see some colours better than others. Bees are said to perceive 
blues better than yellow. Scarlet' does not seem to attract 
them. Many of the insects visiting the flowers are usually 
busy with only one kind of flower at a time. For instance, 
the common Carpenter bee was seen while sucking honey 
from BauJiinia tomentosa flowers. For over quarter of an 
hour it continued to hover about the same flowers, although 
there were several other flowers close by, that are usually 
visited by these bees. On another occasion this bee was thus 
visiting only the flowers of DoUchos Lablah. 

Having considered the question of pollination in a general 
way, we shall now deal with a few flowers in a more detailed 
manner, The flowers of Papilionacese are specially adapted 
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for cross-fertilization. At the base of the ovary there is usu- 
ally a disc, which secretes plenty of honey. As the stamens 
are united by their filaments the honey finds its way into the 
staininal tube. Of the five petals, the standard is the chief 
attractive portion. It stands erect and is very conspicuous ; 
in some cases besides being conspicuous it also bears some 
special marks which are supposed to serve as guides to the 
place where honey is secreted. The wing-petals invariably 
constitute a platform for the insects to alight and move about. 
The insect always sits on the wing- petals with its head 
directed towards the standard, whether there are special marks 
or not in it to direct the insect to the honey. Getting at the 
honey in these flowers is not at all an easy affair. It lies 
hidden at the base of the ovary and in the trough or cavity 
foimed by the filaments. So it is only very intelligent 
insects that are likely to get at the honey. 

When an insect settles on the flower and moves about, 
either the stamens or the stigma come out and touch the body 
of the insect. In some cases, as in Crotalaria verrucosa and 
Tephrosia wa.rima, when insects alight on the wing-petals 
and move about, pollen-dust is ejected from the pointed tips 
of the keel-petals first and then the stigmas come out when 
the insects visit the flower later. 

In the flowers of Vigna Gatkmg the filaments of nine 
stamens are united, one stamen alone being free. At the base 
of the ovary and around it there is a disc secreting honey. 
The petals are all connected at the base by means of out- 
growths, dents and foldings in such a manner that the 
standard stands erect, the wing-petals spread themselves out 
horizontally so as to serve as a platform and the keel-petal 
remains below. The margins of the keel-petals are united, 
both above and below, except at the free end where there is a 
small opening just enough for the emergence of the stigma. 
When the wing-petals are pressed down, the keel gets 
depressed and the stigma pops out, and when the pressure is 
removed, it resumes its original position. In this flower the 
anthers shed their pollen, before the stigma becomes receptive. 
Although the stigma is close to the anthers, the pollen does 
not reach it, because of the hairs found on the style a little 
below it, Even if a few grains fall on it they will not 
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germinate, as tlie stigma is not receptive. When a bee or 
butterfly alights on the wing-petals the stigma comes out and 
brushes against the lower part of the body of the insect. If 
there is pollen already on the body of the insect the stigma 
gets pollinated. If on the other hand the visit is at a time 
when the anthei*s are dehiscing, the lower part of the body of 
the insect will be dusted with the pollen, and the same part 
of the body is sure to come in contact with the stigma when 
it goes to another flower. 

In the plant hidigofem enneapliylla the floral mechanism 
is of a peculiar soil. In the flower the keel-petals have short 
spurs at their sides and they are intended to support the wing 
petals and keep them in a horizontal i)osition. A very slight 
pressure on the wing-petals is enough to depress the keel- 
petals and separate their upper margins. As soon as the keels 
get depressed, the stamens and the style seem to come up with 
a jerk and remain outside. The essential organs cann ot regain 
their original position, because the petals fall off as soon as the 
flower has received a single visit. So in this case one single 
visit of the insect is enough for cross pollination. Instances 
of the same kind of explosive arrangement are afforded by 
the flowers of Ahrus precatorlus and Alyslcmpus rugosus. 

The flowers of Phaseolus are very interesting in their 
structure and behaviour. Like other 
papilionaceous flowers these also depend 
on insects for pollination ; at any rate 
the arrangement of the petals and the 
position of the essential organs are such 
that self-pollination cannot take place. 

The keel-petals are in this flower pro- 
longed into a beak and the beak is in the 
form of a spiral. The end of the spiral 
in the flower of Phaseolus trilolm and 
P. Mungo is towards the right, looked 
at from the front. The right keel-petal 
possesses a spur which supports the right 
wmg-petal and helps it in retaining a 
horizontal position, so that it may serve Phaseolm trilohus, 
as a platfoi^m for insects visiting this 
flower. There is a distinct passage between the right wing 
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petal and the end of the keel-spiral, leading to the base of the 
standard where the honey is found. The left wing-petal lies 
higher than the right over the keel on the left side. An 
insect can get the honey only from the right side. On the' 
left side the wing-petal, the keel and the standard are all close 
together and there is no opening. An insect coming to this 
flower for the sake of honey will, of course, alight on the 
lower wing-petal on the right hand side. As soon as it 
alights on the wing and begins to search for honey there 
will be some pressure exerted on the wing-petal. The keel 
will also be depressed on account of the spur which supports 
the wing-petal. Then the stigma will come out through the 
opening at the end of the keel-spiral which lies just above 
the wing-petal which rests on the spur of the keel on the 
right' side. Inasmuch as the insect is on the platform, the 
stigma touches the back part of its body. If the stigma is 
receptive and if the back of the insect’s body is already 
dusted with pollen, pollination takes place. If on the other 
hand the insect visits a flower for the first time to start with, 
it will get dusted with the pollen, and the next flower visited 
will have its stigma pollinated. 

In Leiicas aspera and L. linifolia the corolla is bilabiate 
and th'e stamens are epipetalous and didynamous. The 
stamens and the style are enclosed within the upper lip of the 
corolla. Honey is secreted atfhe base of the ovary and when 
the insect alights on the lower lip nf the corolla to suck the 
honey, the stamens and the -stigma are released from the 
upper hood of the corolla. As both the anthers and the 
stigma are turned downwards they will touch the back of the 
insect ; if the insect is already dusted with the pollen then 
the stigma will be pollinated, and in case the visit is for the 
first time the back of the insect gets dusted with pollen. 

* The flowers of Acanthaceae have also special devices for 
pollination. In many plants .of this family the stamens .lie 
within the-corolla in such a way that they cannot help coming 
in contact with the back of the-' insect when it sucks 
honey. Even small inconspicuous flowers .are regularly 
visited by butterflies. On one occasion in the month of. 
October while engaged in collecting plants; the tiny flowers of 
J'mticia pmimibem were constantly visited by the- small* 
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pretty violet butterfly, Zizera lysimon. At first the flowers 
of were not noticed ; this small butter- 

fly was seen hovering about and settling on this plant. On 
close inspection it was found to suck honey from the tiny 
flowers of the Justicia. These plants were not at all 
numerous and there were stray plants, scattered all over the 
place. The violet butterfly continued to visit these flowers 
persistently for over twenty minutes. The insect proved 
a most satisfactory guide to lead to the places where this 
species of Justicia was growing. Similarly another butterfly, 
a white one with a red border on the front wings, was seen 
visiting the flowers of Spermacoce ?iispida with great assiduity. 
The flowers of Tephrona purpurea were visited by a butterfly 
with golden yellow wings. The flowers of Tridax were 
watched to see what insects visit them for honey and pollen. 
Seven different species of insects were found visiting these 
flowers and they were Zizera lysimon, Coletis amata, Catop- 
silia pyranthe, Terias hecahe, Parnara mathias and Ceratina 
viridissima. 

There are flowers that are exclusively pollinated by the 
visits of .flies. The flowers of Aristol ocliia and Aroidese are 
of this kind. A very foetid odour is usually emitted by some 
of the Aristolochias and in one species the smell is so strong 
as to attract flies from very long distances (fifty to hundred 
yards or more). In this flower the anthers are situated on the 
style below the stigma and they dehisce, after the withering of 
the stigma. Inside the tubular perianth, when it opens there 
are found a number of hairs all directed inwards. (See fig. 
244.) The flies get into the perianth tube easily. But they 
cannot get out of it with the same ease, on account of the 
hairs. This flower is protogynous and therefore it has to be 
pollinated by pollen from some other flower older than itself. 
When the flies get inside the flower they pollinate the stigma 
if they’ have already visited -other flowers ; if on the other 
hand the visit of the insect is its first visit, it gets dusted with 
the pollen. When the flieS'get into the flo^ver, the anthers are 
usually immature and the flies cannot get out of the flower, 
until the anthers dehisce, because the hairs dry only then. 
"Until that time the flies will be wandering all over inside, in 
search of a way to escape ; and in their wanderings they 
18 
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get dusted with pollen. By the time the pollen is liberated 
the haii'S disappear and the stigmas fade, and the way 
becomes clear for the flies to escape. 

The inflorescence of Aroids are particularly interesting on 
account of the arrangements existing in it for pollination. 
The spadix bears the unisexual flowers at its lower portion 
only, those at the very base being female and those above male. 
(See fig. 225.) Above or between these are a number of 
reduced flowers in the form of hairs directed downwards. 
The whole inflorescence is covered by a large spathe, the 
lower part of which forms a tube constricted a little above the 
region of anthers, or the hairs, whilst the upper portion is 



Tig. 277. The essential organs of the flower of Euhphia virem. 

((, sac; 6, style; c, anther; d, pollinia (shown separately) ; d, stigma. 


expanded exposing the upper free end of the spadix. Small 
flies attracted by the bad smell emitted by the flowers and also 
by the spathe, crawl down into the tubular part of the 
spathe. Once they are in, they cannot easily get out from the 
tubular part, because the neutral flowers are all directed down- 
wards and the spathe is constrictejJ just above these fl.owers, or 
the anthers. The flowers are protogynous as in the case of 
Aristolochia, and so the insect pollinates the stigma if it 
bears pollen from another plant. If the flower happens to 
be the first one that is visited by the insect, the insect is 
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forced to stay within the spathe until the way is open for it 
to escape. The withering of the downward directed hairs 
and the dehiscence of the anthers take plane together and, 
therefore, the flies escape with a coating of pollen. They 
cannot avoid this as the anthers are at the top of the inflor- 
escence, just at the level of the constriction or a little 
below it. 

In the flowers of orchids we have a most perfect 
mechanism for securing cross-pollination although it is very 
complicated. As examples we shall select two species of 
orchids commonly met with in the plains. The orchid 
Eulophia virens grows amidst scrubs and its flowers are 
greenish with red streaks. There are three sepals and three 
petals ; the sepals are all alike, but one of the petals, the one 
lying on the lower side of the flower when it is open, is 
modified, and it is called the lip. In this flower the lip is 
slightly saccate at its back and the free front ‘part is broad 
and in the flower it stands out as a platform for the insects 
to sit on. The short shallow sac secretes honey and the 
flowers are visited by biitterflies. The anther ds single and 
it is on the top of a column rising from the top of the 
ovary. (See fig. 277.) The pollen in this 'and all orchids 
is collected in masses called pollinia, and in this flower 
there are two such masses in the anther. Just - below the 
anther there is a disc-like gland to which the two pollen 
masses are attached by means of strap-shaped stalks. The 
anther in the open flower lies just above the opening 
leading into the honey-sac. When the butterfly sucks honey 
the pollen masses' stick on to its head, and so the insect 
carries away with it the pollen masses. The next flower that 
is visited by this insect is pollinated by the pollen , masses 
sticking on to its head. The stigma lies just below the anther 
on the front side of the column. When the insect rushes 
into the flower to suck honey the pollinia cannot help touch- 
ing the stigma because the poUinia assume a direction, which 
will coincide more or less, with the position of the stigma. 

In Habenaria we have another very common orchid of the 
plains. The flowers in this orchid are all pure white and the 
raceme springs from the middle of two or thr^e. , elliptic 
leaves lying flat on the* ground. They are very conspicuous 

18-A 
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by reason of the racemes. Both in the morning just before 
sunrise arid in the evenings*the flowers are visited by moths. 
The lip is prominent below and it is prolonged at the back 
into a very distinct spur, varying in length' from quarter of an 
inch to ohe inch. The two lateral petals and the sepal lying 
above are united so as to form a hood. There is a narrow 
passage leading into the interior of the flower and the 
anther is situated on a column just aboYe the passage leading 
into the spur. The pollinia have long stalks and the basal 
portions of the stalk protrude a little. When the moth gets 
in, the two pollinia stick on to the ‘head of the insect and 
when it flies to another flower the pollinia are rubbed against 
the stigma lying below the anthers and the masses adhere to 
the stigma, as its surface is very sti6ky. 



FlO. 278, Thel^floral ph,rts in fJcibenana platyphylla. /S, sepal ; P, 
petal 3 I lip or labellum ; SP, spur ; a, anther ; h. ovary ; c, 
- ' stigma ; St, staminode.- 


In Galotropis giganiea (as also in all Asclepiadese), the 
pollen grains are held together in 'masses and there are ten 
pollinia. When an insect settles down on the top of the 
st^minal column in the' centre of the flower and moves about 
round the stigma, the* pollinia adhere to the legs of the 
insects. WJbon it flies to another flower the pollinium gets 
on to the stigma to which it' will stick if it is receptive, 
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There are many plants whose flowers are usually 
pollinated by moths. As moths move about only during 
the night or in the dusk, these flowers have white corollas, 
open in the dusk and also emit a strong scent at this time. 
The flowers need not be irregular as a platform is not needed, 
because moths do not alight and they only hover in front of 
the flower. We may mention as examples Ipomcea, Tobacco, 
Mirabilis and Jasminum. In these flowers the anthers, are 
generally loose and are well adapted to shed pollen on to 
the body of a, hovering moth. The hawk moths, Eerse 
Convolvuli and Gephonodes picus visit the flowers of many of 
the large flowered Ipomoeas and the flowers of Mirabilis 
jalapa. The former is a very constant visitor, but the other 
one comes very rarely and it is extremely active and so rapid 
in its movements that it is impossible even to see its wings 
clearly. 

We have also plants that depend onjyater for pollination 
and they are all aqu^ic pknts. The common water plant, 
Yallisneria may be selected as a type of plants fertilized by 
the agency of water. The flowers of this plant are unisexual 
and the plants are . dioecious. Both, the staminate and the 
pistillate flowers develop under water, and so, unless there is 
some special adaptation, fertilization cannot take place. The 
male flowers are borne on short stalks almost at the base of 
the plant. At the time of flowering, or when the ^flowering 
season approaches, these get separated from their stalks and 
rise to the surface of water to float there. Simultaneously, 
the female flowers lying under water with spirally coiled 
stalks come up to the surface, in consequence of the uncoiling 
and growth of the stalk. The male flowers are most 
numerous and they float amongst the female flowers. The 
anthers open and the pollen is shed on the stigmas. Jn the 
case of flowers that are hermaphrodite, the flowers are raised 
about. the water level, as in Nymphsea, so that they, might be 
pollinated either by insects or by wind. It is only when 
flowers are unisexual 'and also submerged, pollination is 
effected by water curre nts. In all plants that are pollinated 
by currents of water the pollen, grains are smooth, and 
pollination also is not a matter of certainty. So in these 
cases there is an abundance of pollen. During' hot weather 




FRIJTT AND REED 


271 ) 


OHAPTEE XVIII 

FEUIT AND SEED 

Soon after fertilization all the parts except the pistil 
wither and fall off, because they have done their work and 
are of no further use. But the pistil grows gradually and 
develops into the fruit. The pTOCess^pf fertilization,, besides 
transforming the ovules into seeds, produces other far-reach- 
ingresulta. The ovules before fertilization remain enclosed in 
the ovary for protection, and even after fertilization the need 
for protection is as great as before. Therefore, the wall of 
the ovary is also stimulated to growth by this process. The 
seed is dependent upon the placenta and the wall of the 
ovary for its food supply, and so the pericarp generally 
grows and becomes fleshy and sometimes even the placenta 
becomes so. 

Although the fruit. consists, in most cases, of only the 
seeds and the wall of the ovary, there are also fruits in 
which other parts become associated either forming an in- 
tegral part of it or merely covering it. For instance, the style 
which almost always dries and falls off not only persists 
but also gi’ows into a kind of feathery tail in Clematis 
and into a wing in Ventilago 
madraspatam. (See figs. 316 /|\ 

and 280.) , The calyx often 
grows and envelopes the fruit, 
as in Withania. 

In th^ case of some fruits the 

receptacle becomes hollow with 

the ovary immersed in it in 

such a way that these two parts 

become fused into one ; and ^ 

this is the case in Guava, Pear, 

Apple and Cucumber. In all 

these fruits the edible heshy pto. 280. Winged fruit of 
part consists of both the pericarp Ventilago. The style has 
and the receptacle. Instances developed in this into a 
are not wanting of- fruits in 

which even the pedicels are implicated. The edible fleshy 
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portion in the fruit of Aiiacardium (Cashew-nut) is only the 
flower-stalk. (See fig’. 284;) Even the floral axis of an 
inflorescence and the perianth are influenced so as to develop 
into fleshy structures and form an integral part of the fruit. 
We observe such changes in the fruits of Artocarpus and the 
Pine-apple' {Ananas sativiis). All these changes, occurring in 
parts, other than the pericarp, are not without significance ; 
these changes are highly beneficial to the seeds, because they 
are helpful in protecting and dispersing them. 

From all these considerations, it is obvious that it is not an 
easy matter to define a fruit so as to include all kinds. For 
the sake of convenience and clearness, however, we define a 
fruit as a ripened ovary enclosing seeds instead of ovules. A 
fruit proper consists of only seeds and the pericarp ; if other 
parts are found associated with the fruits we call them false 
fruits, accessory fruits or “ reinforced fruits.” 

A fruit grows, becomes fleshy and may remain so until it 
leaves the parent plant, as in the case of the fruits of Mango, 
Guava, Brinjal and Tomatoes. In some cases it gets dry before 
leaving the plant, as is seen in 
Abutilon, Tridax and Castor. 
So it is customary to speak of 
fruits aS' fleshy and dry. The 
division of fruits into dry and 
fleshy fruits is purely artificial, 
and fit ‘is a matter of conveni- 
ence. ' A fleshy fruit, dropping 

Fig. 281. Berry of Solanum. and a 

dry one, detaching itselfr from 
another species of plant, are not strictly comparable, because 
they do not represent the same stage of development but 
belong to two different stages. A dry fruit long before it 
begins to dry (i.e., when it is fleshy) and a fleshy fruit are 
comparable, as, then both of them are in the same stage. 

The necessity for some kind of classification of fruits 
arises, because there are so many '^different forms of fruits. 
The time-honour(.d division of fruits into dry and succulent 
kinds is as good as any other and so we shall deal with them. 

We shall begin with the fleshy or succu- 
lent fruits. Examples of fleshy fruits are furnished by such 
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fruits as the Brmjal, Grapes, Mango, Gourds and the Cucum- 
bers. In all these fruits the pericarp is succulent and, except 
in the case of Mango, it, is so throughout. But in the Mango 
the inner part of the pericarp is hard and stony. So we have 
to differentiate the fleshy fruits from one another and group 
them into distinct classes according to the nature'of the fleshy 
pericarp. Bruits like Grapes or the Brinjal or Tomatoes, with 
pericarps that are 'fleshy right through their thickness, are 
called bexti©^. We have in the Plantain, the Pomegranate, 
and the Guava berries. All these berries contain many seeds 
and they are fruits that do not open for setting the seeds at 
liberty. Seeds are allowed to get out by the gradual rotting 
of the pericarp or the fleshy pericarp may dry and then decay 
little by little thus setting them free. We have some berries, 
however, that dehisce, in Melons and Cucumbers ; we have 
also berries with single seeds and, as an example, we may 
mention the date fruit. 



Pici. 282. Drape of Mangifera. 1, epicarp ; 

2, mesocarp ; 3, endocarp ; 4, seed. 

There are fleshy fruits in which, the pericarp is fleshy 
only outside, the inner’part'being hard and stony, as in the 
case of the Mango fruit. A fruit having this sort of modifi- 
cation in its pericarp isfliermed a drupe. , In this type of the 
fleshy fruit the pericarp consists of three distinct lawyers, the 
outer surface skin (epicarp), ^ the fleshy middle portion 
(mesocarp) and the innermost hard stony part (e^idpcarp). 
Typical examples of .drupes, are furnished by the Coconut, 
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Pome or fruit of a 


Almond and Zizyplins. The mesocai’p in the case of the 
Coconut is fibrous, but in the others it is fleshy ; further, 
there is only one seed in the Coconut and the Almond, 
which is usually the case in most drupes, whereas in the 
tliird there are more seeds than one. There are instances 
in which the endocarp of a drupe, instead of forming one 

f hard case for all the seeds as 
in Zijjyphus, becomes divided 
. into as many separate pieces 
as there are seeds. This is 
the case in the fruits of several 
Verbenaceous plants. Then, to 
differentiate such fruits from 
the drupes proper, they are 
called gyrencs. 

Even in the case of berries 
Fm.283. Pome or fruit of a may , speak of special 

the ovary is immersed in the 

hollow receptacle, the fruit, that develops from it is called a 

gpn^c. In these fruits the edible succulent portion is the 

hollow enlarged receptacle, and 

the parchment-like core enclos- 

ing the seeds is the pericarp. 

The Gourds and the Pumpkins M 

have a thick epicarp and 

the placentas are parietal. 

This kind of fruit is called a 

pcpo. Sometimes the pericarp 

happens to be leathery, as in 

limes and oranges, the fleshy 

part being hairs growing from 

inside the pericarp. These vPfjK 

fruits are called ,l:^speridiums. 

j^r y fru its. — ^5ry fruits 

have no food material in their ,, mi i 

fm 284. The Cashew-nut 

pericarps when they leave the 
parent plant. These fruits 

generally open to liberate the seeds, if they contain numerous 
seeds. Some amongst the many-seeded dry fruits, instead 


Fiu 284. The Cashew-nut 
fruit. 
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of bursting open, break into separate pieces, each piece 
corresponding to a carpel. Most of the single-seeded dry 
fruits do not open, and the 
seeds are set free by the decay 
of the pericarp. So we have 
both dehiscent and indehiscent 
dry fruits. 

The fruits of Compositae and 
grasses do not open, and so 
they are indehiscent dry fruits. 

In the fruits of Compositse, 
the pericarp is thin and dry, 
and encloses only one loose 
seed. Such fruits are called 
' achencs. Sometimes the indi- 
vidual cai'pels of an apocarpous 
ovary develop into single seeded 
indehiscent bits, as in Eanunculus, Clematis and Naravelia. 

These also must be called achenes. Sometimes an anchene- 
like indehiscent fruit possesses 
a wing, and, then it is called a 
samara . The fruits of Hard- 
imUa hinata,^ Ailanthm 
excelsa, Holq)telea inkgrifoUa^ 
and Pterolobhm indicum are 
samaras. The grains of grasses 
and cereal plants look like seeds, 
but they are fruits in which the 
pericarp and the seed-coats 
have fused into one membrane 
and, therefore, the fruits, look 
lils^... seeds. This kind of fruit 
is called a c^ryop sis. f 

There are some "fruits with many seeds that divide into 
as many parts as there are carpels. For example, the fruits 
of Sida, Pavonia, Leucas, Heliotropium and Castor break into 
as many pieces as .there are carpels. Such fruits are termed 
schizocarps. Each single segment is called a coccus and these (/.f i 

in most cases contain a single seed. Again, these segments 
may remain indehiscent, or they may open to let the seeds out. 


Ill 


Fm. 286. Samara of 
Hardwickia. 



Fia. 285. Achenes of 
Ramiiicnlus. 



284 MANUAL OF ELEMENTARY BOTANY 

Next we liave to deal with dehiscent fruits. The fruits 
of Calotropis, Yinca, Dregea, Wrightia and Sterculia consist 



Fig. 287. Schizocarps ot Paoonia zeylwdca. 1, entire fruit ; 2, fruit 
breaking into its component segments ; 3, a segment or coccus. 

of free carpels, and each of them opens along one mai'gin, 
the one which bears the seeds (ventral suture). These fruits 
are called follicles. 



Fig. 288. Follicle of an Asclepiad. 

Fruits of Crotalaria, Dolichos, Canavalia, Indigofera and 
Tephrosia are monocarpellary fruits, dehiscing along both the 
margins and they are called Icgur^. In some plants the 
legumes without opening by the sutures break into separate 
pieces, each one consisting of a bit of the pericarp enclosing 
a single seed. Such fruits are seen in some species of Des- 
modium and Mimosa, and they are termed lom^nta. 

When a dry fruit is the result of the development of a 
syncarpous gynaeceum consisting of two or more carpels, and 
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at the same time if it liberates the seeds hy dehiscence, it is 
called a capsule. This kind of fruit opens in various ways. 
For example, those of lonidium and Impatiens open by means 
of valves. The dehiscence in this case takes place longitudi- 
nally from the top to the bottom of the fruit, the pericarp 
breaking into distinct valves. This longitudinal dehiscence 
is sometimes partial, extending only to a small distance at 
the top of the fruit, as in Argemone mexlcam. Amongst 



Fia. 289. Lsgume. -.Fig. ' 29,0. Lomentum. 

capsules there is variation as regards the cavities they contain. 
Ill lonidium and Argemone there is but one cavity ; but in 
the fruits of Hibiscus, Cotton, Corchorus and Aristolochia 
the locules are more than one. In the case of these fruits 
also the opening of the pericarp is longitudinal, but the 
position of the slit varies. Generally the slit appears in 
the pericarp along the dorsal sutures between the walls of 
division of the carpels, so as to expose the seeds. This kind 
of dehiscence is called loculicidal, and the fruits of Hibiscus, 
Cotton and Corchorus are ' capsules opening in this manner. 
Occasionally we come across fruits in which the slits appear 
along the lines of the junction of the carpels, i.e., through 
the septa or partition walls, ’ In’ this ohse the ‘seeds ate 'not 
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exposed, until another opening takes place. This mode of 
dehiscence is well seen in the capsules of Aristolochia, and 

siy 

Fio. 291. Loculicidal (^1) and Septicidal (2) dehiscence. 

the dehiscence is said to be septicidal. The separation of the 
fruit into cocci in the. case of schizjcarps is the result of 
septicidal dehiscence. Sometimes, though rare, the pericarp 
breaks away from the septum just where it joins the partition 
wall leaving the septa as a column in the centre. This 
dehiscence is termed septifragal and it may be observed in 
the fruits of Datura. There are also fruits that dehisce 
transversely, the upper part of the capsule then coming oft 
as a lid. The fruit then goes by the name of pyxis. The 
oi Portulaca and Trianthema are of this kind. 



Fig. 292. Septifragal dehiscence. 1, septicidally and 
2, loculicidally. 

A fruit resulting -from the development of a single mono- 
carpellary pistil or from a syncarpous polycarpellary ovary is 
a simple fruit. If the carpels in a fruit are quite free it is 
called an aggregate' fruit. 

The fruits of Polyalthia are aggregate fruits consisting of 
berries. In Clematis, Ranunculus and Naravelia the separate 
carpels are achenes ; and the aggregate fruit of Michelia 
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(jonsists of free follicles. The Raspberry affords an example 
of aggregate fruit with drupelets. 

As already pointed out in the earlier part of this chapter 
false fruits result from the fleshy development of the whole 



Fio. 293. Capsule of Hibiscus. Fig. 294. Capsule of 

Amtolochia indica, 

of the inflorescence. The Jack fruit and the Pine-apple are 
really spike-like inflorescences in which the stalks or axes, as 
well as the flowers, have become fleshy. The edible “ flakes ” 
in the Jack fruit are really flowers consisting of only perianth 
and the pistil. The succulent fleshy part is the perianth 
and the membranous bag enclosing’ the seed is the pericarp. 
Prom one side of the pericarp rises the style. These changes 
in the Pine-apple are still more 
marked. The polygonal areas 
seen externally in the case of 
the Pine-apple correspond to 
the flowers. The bracts and 
the withered remains of the 
other parts , of the flower are 
often visible. But the lower 
parts of the flowers become 
fleshy and fuse with the axis. Fig. 29&. Aggregate fruit of 
The fruit of the Banyan ■ Folyalthia. 
affords another e3^mpie of the 

inflorescence becoming a fruii. The succulent edible portion 






FEUIT AND SEED 


289 


an inflorescence and not from a single flower. Therefore 
these fruits are also called multiple fruits. 

We have already* dealt with the structural details of a few 
seeds. We know that a seed is after all a young plant 
wrapped up in the seed-coat and’ that flowering plants usu- 
ally reproduce themselves by means of seeds. As the embryo 
within the seed remains dormant mntil the time of germina- 
tion, we may say that the life of a flowering plant is divided 
into two periods, one short and the other long. The period 



Fig, 298. Syconium or Fig. 1, female flower ; 2 , male flower ; 

2 , L, sections of a Fig. 

of life spent as embryo is relatively short, and until it is 
allowed to begin the longer course' of its life, it needs protec- 
tion. The seed-coats and the pericarp serve the purpose of 
protection, and' they are , also helpful in. the matter of 
dispersal. ’ ' . . ’ , ' 

Before dealing with the subject of dispersal of fruits 
and seeds we shall refer to 'the structure of seeds once more. 
The essential parts of a se,ed are the embryo and the envelop- 
ing seed-coats ; and in most cases we do not find any other 
part. The embryo itself consists of the. primary axis and 
the . cotyledons, which usually contain the food .reserve. 
Such seeds are called non-endospermic seeds. In seeds of 

19 
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some plants the reserve material remains outside the embryo, 
but within the embryo-sac. This reserve stuff is called 
endosperm and, therefore, seeds having endosperm are called 
endospermic seeds. In the case of the non-eiidospermic 
seeds all the food material is absorbed and stored up in the 
cotyledons as the seed ripens. 

In some genera of Leguminosse even in the fully 
matured seeds, a small quantity of endosperm is seen to 
persist, thus forming a link as it were between the endo- and 
non-endospermic seeds, whereas in the endospermic seeds the 
reserve material is not transported into the cotyledons, and 
it is gradually absorbed only during germination. The fact 
that the reserve material is transferred from the endosperm 
into the cotyledons becomes obvious if we examine the 
seeds of several legumes in the course of development. In 
partially developed seeds of Cassia, Dolichos, Crotalaria, etc., 
we find the cotyledons embedded in a fleshy mass which is 
massive in very young seeds and it gradually decreases and 
the cotyledons increase in proportion. The nucellus of the 
ovules that ,are destined to become endospermic or non- 
endospermic seeds is absorbed gradually and when the 
embryo is fully formed nothing of the nucellus is left. 

But there are some plants 
in which a portion of the 
nucellus persists and remains 
as a portion of the seed; For 
instance, in the seed of the 
Piper fruit the small em- 
bryo is surrounded by, a small 
quantity of endosperm, and 
the bulk of the seed consists 
of something lying' outside 
the embryo-sac, though inside 
the seed-coats. This stuff 
lyipg outside the embryo- 
sac is termed pefisperm. 
Many plants of the order Piperaceae and some Nymphseas have 
seeds with perisperm. In the case of Elettaria Gardamo- 
mum and Canna also the seeds contain perisperm. 



Fig. 299. Piper fruit. 1, endos- 
perm ; 2, perisperm j 3, 

pericarp. 
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The seed-coats are in most seeds smooth and there is 
considerable variation in their colour. Besides this we find 
outgrowths on the testa, either in the form of wings or hairs. 
In the seeds of Asclepiads and some Apocynes there is a tuft 



. 300. Cardamom seed. 1, Longitudinal section ; 2, transverse 
section. 

The white portion in the centre is the embryo, the outer black part, 
endosperm and the outer white portion is the perifeperm. 

of hairs at one end of the seeds, and in some even at both 
ends. There are also seeds whose testas are fully covered 
with hairs, as in Cotton, Hibiscus micranthus, Eriodendron 
anfractuosum and Gochlospermwn Gossypium. Some seeds, 
such as those of Orinum, have no seed-coats. 



Fio. 301. Comose seeds. A, Alstonia seed ; B, Calotropis seed. 
Fleshy or membranous outgrowths from the funicle or 

m 
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tlie micropyle are found in several seeds, and these out- 
growths are called caruncle, strophiole or aril, according to 
their origin and size. We have such appendages in Castor, 
Poly gala, Nymphaea, Modecca, Pithecolobium dulce and 
Myristica fragrans. 



2 


Fig. 302. Strophiole of Polygala seeds. 1, seed of 
P. chinensis j 2, seed of P. erioptera. 

Just like other parts of the seed the embryo also shows 
variation. Although the cotyledons are equal and similar in 
most plants, they are not so in all plants. For example, in 
the seeds of Artocarpus and Hopea parviflora, the cotyledons 
are unequal, one being larger than the other. Further the 
cotyledons of Hopea are also lohed. Instead of being lobed 
regularly as in Hopea, it may be very irregularly lobed, as is 
seen in the cotyledons of Yateria indica. (See figs. 303 and 
304.) 

The primary axis may remain small and' inconspicuous, 
as in castor seed, and then the plumule and the radicle are 
not clearly marked out. In Dolichos Lablab seeds the axis 



Fig 303. fateria indica seedling FiG. 304. Vateria indica seedling 
showing the inner view of the showing the outer view of the 
cotyledons. 1' and 2, lobed cotyledons. 1 and 2, cotyle- 

cotyledons ; ■ 3, hypocotyl; 4, donsj 3, hypocotylj 4, young 

plumule grown into a shoot. shoot, 
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is well developed, curved and differentiated distinctly into 
plumule and radicle. When the plumule is distinct the first 
pair of leaves are also clearly -seen on it. The radicle usually 
projects beyond the cotyledons, especially if it is a well- 
formed one. The whole of the axis may also remain well 
within the cotyledons, and even higher up, as in the seeds of 
Dysoxylon. 



Fig. 305. Parts of the seed of Hopea parmfiora. 1, Front view of 
embryo ; 2, back view of the embryo ; 3, 4, cotyledons. 


All seeds possessing two cotyledons are called dicoty- 
ledonous seeds, and those with a single cotyledon as typified 
by the caryopsis and the Date 
seed are monocotyledonous 
seeds. All monocotyledonous 
seeds are endospermic. In all 
endospermic seeds, whether 
dicotyledonous, or monocoty- 
Fig. 306. Aril of the seed ledohous, the embryo is much 
of Modecca. less developed than it is in 

non-endospermic seeds. 

For example, the embryo in the Date seed is a very 
minute body, found on one side of the stone in a small pit. 
The stony part is the endosperm. 



307. Aril in PUhecolohwm dulce. Fig. 308. Aril of Myristica, 
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There are many plants whose fruits look like seeds, and 
ordinarily they pass for seeds. The caryopsis of cereals and 
the achenes of Composite pass for seeds. Bnt a close exami- 
nation of these “ seeds ” will reveal the fact that they are 
really fruits and not seeds. Seeds as a ijeneral rule never 
appear nacked and are never exposed at any stage, except by 
the bursting open of the pericarp. Further, the seeds are 
always attached by their stalk, and, therefore, there will be 
only a single mark of detachment or scar. Fruits, on the 
other hand, have two scars, one, the point at which it was 
attached to the receptacle, and the other, the style scar. 

For the sake of clearness and convenience we may classify 
the seeds somewhat as follows : — 

A. — -Monocotyledonous seeds (seeds with a single 

cotyledon). 

All monocotyledonous seeds are endospermic and 
the cotyledon never comes out. 

B. — Dicotyledonous seeds (seeds with two cotyle- 

dons). 

{a) Non-endospermic— the seed consists of the pri- 
mary axis, the cotyledons and the seed-coats. 

Q)) Endospermic — ^the seed consists of the primary 
axis with the cotyledons, endosperm and the 
seed-coats. 

(c) Perispermic — ^the seed consists of the embryo 
endosperm and also perisperm. This kind of 
seed is rather rare. 

C. — Fruits that look like seeds. 
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CHAPTEE XIX 

FRUIT AND SEED DISPERSAL 

A ELOWEEING plant brings into existence seeds by a con- 
siderable expenditure of a material manufactured by it. Mere 
production of seeds counts for nothing, unless they are given 
a chance to get themselves established in suitable localities. 
It is a matter of common observation that most plants produce 
seeds far more than what can reasonably be expected to germi- 
nate and grow. If all the seeds of a plant were to fall 
below it or even in its proximity, there is sure to be an 
intense struggle as soon as they all germinate. On account 
of the overcrowding, a very large number of the seedlings are 
not likely to get enough food and air, and all but the very 
strongest would ultimately die. The struggle in tins case 
is very severe, because all the individuals are alike in their 
mode of growth and all need, more or less, the same kind of 
food. Even the few sturdy seedlings that survive the 
struggle cannot be expected to do well, because the soil and 
other conditions are not likely to be very favourable. If the 
plants are to grow strong and become sturdy, it is essential 
that each seed should find a place where it will have plenty 
of room to grow, besides sufficient air and sunshine. This is 
possible only if the seeds are scattered far and wide. A seed, 
in order to have the best chance to grow, must find a place far 
removed from its fellows. If it is able to do this, its chances 
of growing to maturity are very great, and the continuance of 
the species is also thereby’ ensured. 

The distribution of seeds is essential for the proper develop- 
ment of the individual plants as well as for the mainte- 
nance of the species. Flowering plants are rooted to the soil 
and are unable to move. Yet we see plants of the same 
species gi’owing far and wide and some species are found 
distributed all over the world. This is undoubtedly due to 
the wide distribution of the seeds of plants, and for dispersal 
the seed s1age of the plant is best suited ; the embryc lies 
dormant, and its vitality being suspended it can withstand 
changes in its eirvironment. 
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As already mentioned, plants are capable of producing 
seeds in large numbers. In spite of the prolificity of most 
plants in the matter of seed production, in nature we do not 
see any one species deyeloping and occupying considerable 
areas to the exclusion of others, except under very special 
conditions. Even plants producing a small number of seeds 
would occupy a very large portion of the earth in a few 
years, if all the seeds produced in successive generations 
were to grow successfully into plants after germination. The 
great naturalist Linnaeus made out by calculation that, a 
plant producing only two seeds in a year will number over a 
million in twenty years, if all the seeds that are produced in 
every successive generation are capable of growth. This 
estimate is very low and does not give ‘us an adequate idea of 
the rapidity with which a species is able to spread. Ordi- 
narily plants produce a very large number of seeds. A 
Tobacco plant, for instance, produces from 300,000 to 350,000 
seeds ; Argemone onexicana from 20,000 to 25,000 seeds. 
According to Kerner if a Henbane plant producing on the 
average 10,000 seeds a year were allowed to grow undisturbed 
and, if all the seeds produced each year is capable of full 
development, the whole of the dry land would be occupied 
at the end' of five years. Another plant Sisymbrium which 
produces 730,000 seeds a year would occupy an area 2,000 
times as great as the surface of the dry land in the course of 
three years. 

Considering the risks to which the seedlings are exposed 
and the deaths taking place in the competitive fight, the over- 
production of seeds becomes a sheer necessity. The struggle 
is so fierce and the dangers to which these are exposed are so 
formidable that one is justified in wondering how even a few 
have survived. But, for the maintenance of the reasonable 
average number both as regards the individuals and the 
species, the overproduction cannot but be a distinct advantage. 
Another advantage is that the species is likely to spread to 
new spots that are favourable. Even if many succumb in 
the struggle a few at least are likely to fall in situations 
remote from the parent and such situations are always good 
for them: It is a well-established- fact that occasional 
driftings to different surroundings act beneficially in stimu- 
lating the plants to good growth. 
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There are other considerations regarding the seed that are 
also of yery great importance in this connexion. The success 
or failure of a plant to become well established depends, to a 
certain extent, upon’ the amount of reserve food material 
existing in a seed. Some seeds as in the (mconut are large 
and there is a large quantity of food stuff available for the 
young plant. So it can make use of it, until it is able to pre- 
pare its own food. When seeds are massive the production 
of seeds is by no means large, numerically. If, on the other 
hand, the seeds are small the number produced by a plant 
ought to be very large, because the food carried by the seed 
for the embryo is very limited. 



Just as we •find variations to a large extent in other parts 
of plants, we meet with a very great amount of variation in 
fruits and seeds also. For instance, we find seeds so small 
that we could hardly see them with the naked eye, as in • 
Orchids and Striga ; and we also find massive seeds as in the 
Coconut and seeds of all dimensions ranging between these 
extremes. Again as regards colour also we find a great range 
in variation. In the matter of structure and appendages it is 
equally so. These variations in different directions cannot be 
a matter of mere accident, and they must have some signifi- 
■ cance. The significance becomes obvious, if w.e bear in mind 
the sheer necessity for the wide dispersal of seeds. Without 
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special adaptations and special agencies, dispersion is a 
matter of difficulty. Variation in all directions is a positive 
advantage. 

Let ns now consider some examples of fruits and seeds 
and see if all that is said of them is true* The fi’uits of 
Gyrocarjpus Jacquini, a common tree of the plains, are 
interesting. This fruit consists of a round or ovoid portion 
enclosing the seed and two long wings varying in length from 
two to three inches. (See fig. 309.) During the hot weather 
this tree bears heavily. Whenever there is a wind, a large 
number of -fruits are detached and they are wafted in the 
air. They' are carried to long, distances,, because the fruit 
does not fall down as long as the wind lasts. On account of 
the wings the fruits keep on spinning round and round like 
a top or a shuttle-cock shot in the air. The relation existing 
between the spread of the wings and the size and weight of 
the seed is such that it is capable of sailing in the air for 
sometime at least, before it comes down. On one occasion the 
fruits of this tree Avere found nearly a mile away from the 
tree. From this example we clearly see that winged seeds 
are specially meant for dispersal by wind. We have in this 
presidency many examples of winged fruits, and all of them 
belong either to trees or lofty climbers. The possession of 
wings in the case of winged seeds of trees is not a matter of 
mere accidence. It is developed solely as a means of dis- 
persal. If the presence of wings were accidental and the 
dispersal merely its result, we should expect to find winged 
seeds in all kinds of plants. For instance, we should have 
such seeds in the case of even low herbs, and aquatics. We do 
not of course come across winged seeds on low herbs, because 
they would obviously be of no use. Though the winged 
seeds of trees are capable of sailing high in the air, they 
cannot do so low -down, and some height is necessary. As 
they are usually heavy they cannot be lifted from low situa- 
tions for want of enough force on the part of the wind. We 
know that the force of the wind goes on increasing with the 
height. In the case of tall trees the height is an advantage, 
because' the winds are likely to blow more strongly there and 
the seeds are not likely to be impeded in.their travel and they 
escape being entangled. 
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Of the numerous -winged fruits occurring in the flora of 
this part of India, those of Ailanthus,. Holoptelea, Combretum, 
Pterocarpus, Pterolobium, Hard-wickia, Hopea, Shorea and 
Dodpnsea are common enough. As. examples of seeds with 
-wings we may mention the seeds of Cedrela, Soymida, 
Tecoma, Dolichandrone. Oroxvlum and Mahogany. 



Fia. 311. Winged fruits of 1, Combretum and 3, Pterolobium. 


From the fact that winged seeds are confined to trees it 
must not be supposed that herbs do not make use of the wind 
for dispersal of their fruits or seeds. 



FiU. 312. Winged seeds of 1, Dolichandrone ; 2, Tecoma ; 
3, Oroxylum and 4, Cedrela. 


Just as wings are specially good for seeds of trees so 
plumjes are best suited for low herbs and shrubs. The para- 
chute-iike pappus hairs of the Tridax achenes are far mor^ 
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efficient for their dispersal than wings. For lifting the fruits 
from low situations the plume is the best possible adaptation, 
It is this appendage that has enabled the plant Tridax to 




Fig. 313. Pappus bearing achenes(of Tridax procumbens. 
1, flower head with achenes ; 2, a single achene. 


establish itself everywhere. This plant was introduced into 
this country some years ago and within a short space of time 


it has managed to spread 
everywhere. It was not at 
all common at higher alti- 
tudes fifteen years ago, 
and now it is as much at 
home there, as it is on 
the plains. Examples of 
plumed fruits and seeds are 
afforded in abundance by 
the families Compositae 
and Asclepiadeae and also 
Apocynaceae. W e all know 
that plants of these families 
are very widely distributed 
and we find some species or 
other of them almost every- 
where. The plume or hairs 
are from the calyx in the 
case of the achenfes of the 
Compositae; but in the case 
of the Asclepiadese and 
Apocynacese it is the seeds 



Fig-. 314. Plumose achenes of 
Vernonia cinerea. 
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that bear the tufts of hair (see fig. 301); so also is the case 
with the Cotton seed and that of Hibiscus micranthus. 
Clematis furnishes examples of achenes whose styles are not 
only persistent, but are also provided with hairs to facilitate 
their dispersal. Both in winged and plumed fruits we 
generally find only one seed. 

We have several plants possessing small seeds with special 
devices to bring about dispersal. 
The seeds are numerous in such 
plants, and they lie loose at the 
bottom of a capsule which is 
usually borne at the ends of 
stiff upright elastic peduncles. 
Every gust of wind will shake 
the fruit, and on account of the 
stiffness of the stalk there will 
be a sudden rebound to the 
original position which must 

Fig. 315. Fruit and hairy seeds ^ the scattering about of 

. of Bibmm micranthus. some seeds at least. Capsules, 
intended to shed their seeds 
thus, open only at the top either by means of pores or by 
very short longitudinal slits. This arrangement prevents 
the shedding of all the seeds at once an(f in one place. 
Winds do not blow always with the same force and so the 
seeds have the chance of falling in different places. The 
introduced Mexican poppy, Argemon e mexicana, is an 
excellent example to illustrate 'this fact. The single-celled 
capsules of this plant are at the extremities of stiff branches 
and the dehiscence is by means of short slits at the top. The 
seeds are small and every time there is a wind a few seeds 
are shot forth, sometimes near and at other times a little 
farther, according to the nature and force of the wind. 

When a solid round body begins to decrease in volume its 
surface will also diminish relatively to the mass, but the rate 
with which the volume decreases is greater than the rate of 
the diminution of the surface, So a body when it reaches 
a certain point of smallness the surface that it possesses in 
relation tp its weight will be proportionately more, than 
when it is larger. The seeds of Orchids are very small 
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and they have sufficient surface to enable them to remain in 
air sufficiently long. And when winds blow, such seeds 
may travel very long distances. 



Fio. 316, Achene of Clematis. Fio. 317. Capsule of Argemone. 


Several dry fruits scatter their seeds to long distances by 


their bursting. The 
fruits of Canay|lia. and 
those of several .other 
leguminous" *' .‘plants 
hurl their '.seeds to 
long distances by the 
sudden breaking of the 
valves and their twist- 
ing in the opposite 
directions. The seeds 
of Canavalia are hurled 
to a distance of ten to 
fifteen feet when the 
valves of the fruit 
burst open. The cocci 



fruit are ^ legume bursting and 

also thrown several hurling its seeds, 

feet when the fruit 
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dries and breaks. 


Eupliprbias scatter their seeds in the same 
manner. The fruits of Rura crepi- 
tans burst with a noise almost as 
loud as the report of a Chinese 
, cracker. As further examples of 
fruits that expel their seeds by 
explosion, we may mention those of 
Impatiens and of some species of 
Acanthaceae. The fruits of Ruellia 
prostrata'hMQi at their tips -a specia- 
lised spot which when wetted leads 
to the sudden bursting of the 
capsules. If we place these capsules 
in water, as soon as the tip 
becomes wet they burst with, a noise 
scattering the seeds on all sides. We can feel the force with 
which it bursts, by putting these capsules into our m,outh. 

We have now to consider those fruits that are provided 
with hooks and spines. These are undoubtedly meant for 



Fig. 319. Hooked fruit of 
Triumfetta rhomloidea. 


dispersal by ani- 
mus. The fruits 
get entangled in 
the fur of animals, 
by means of the 
hooks. If we exa- 
mine our clothing, 
after a ramble 
through a scrub or 
a waste place, we 
find many kinds of 
fruits sticking on 
to them. The fruits 
that commonly 
stick on to our 
clothes thus . are 
those of Achyran- 



Fig. 320. Hooked fruit of Triumfetta 
pilosa. 


thes, Pupali a, T rium fetta. fenia andDesmodium. Amongst 
herbs and shrubs there are many planti^thaFbear hooked 
fruits.. The fruits of the plants Ureria lohata, U. sinuata, 
XanthiuTU strumaritm^ Bidens and Mimosa are also hooked. 
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In all these cases the hooks are small and they are directed 
on all sides. As most of these fruits are small, they do not 
seem to cause any inconvenience to the animals to whose 
skins they cling. A most remarkable example of a hooked 
fruit of a formidable nature is mentioned by Sir John 



Fig. 321. Hooked fruits of Pupalia. The hooks are 
imperfect flowers. 

Lubbock. The South African genus Harpagophytum pro- 
duces fruits that are really formidahir on~'accbunt of the 
woody -spines borne by the pericarp of the fruit. These 



Fig, 322. The fruit of the Glrappling plant (Harpagophytum) 
(after Lubbock). 

spines called “ grapples ” are woody and are about an inch 
long, and are provided with barbs turned in various direc- 
tions. \^These fruits are said to roll about and become 
attached to the skin of lions. The unfortunate aniihal in its 
attempts to get rid of this fruit, sometimes gets it 'into its 
mouth and then it dies. 

The hooks or spines are developed from -various parts. 
In the fruits of Urena, Triumfetta, Zornia and Cullenia the 
hooks arise from the pericarp. ■ 

In Bidens the pappus horns are barbed. In some cases 
the perianth persists along with the fruit, and the tips 
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of their lobes are spinescent, as in Achyranthes. Sometimes 
imperfect flowers become hooks as in Pupalia. Even bracts 
sometimes develop into hooks as in Tragus racemosus, or these 
are-spinescent as in AmarantU'S 
spinosus and Echmops eckina- 
tus. In the case of Xanthiuni 
strumarhiin the achenes are 
enclosed by the involncral 
bracts, and these bear hooked 
spines. This plant is really 
a troublesome weed, as it 
spreads widely and rapidly. • In 
South Africa the fruits of 
Xanthium are said to have 
caused so much damage to the 
Eig. 328. Fruit of Xanthium -wool, Some years back, as to 
necessitate' a legislation ■ to 
extirpate this weed. Even in this country it sometimes 
monopolises large areas, especially wet clayey situations and 
then it is not easy to get rid of it. 

We have also a few species of plants producing sticky 
glands which help the fruit in their dispersal by sticking to 
the feathers of birds. We have such fruits in Pisonia, 
Boerhaavia, Siegesbeckia and Phimhago zeylamca. 

The dispersion of hooked and sticky fruits is brought 
about by the agency of animals, and the animals do not do 
this consciously. But in the 
case of fleshy fruits, animals 
deliberately go in search of 
them and eat them. As already oj !'§» 

pointed out, the seeds in the aWj[l 
fleshy fruits are all hard, if the '3||r J| W 

fruit is a berry, and the hardness ii J f» TO'B 

is due to the thickening of the f * W® 

seed-coat. If they are drupes MW 
then the seeds remain within 
the stony endocarp. In both 

these ca^es the seed possesses an 3 ^,^ BokWia fruits, 
indigestible covering. Around • f^uit of B. repanda J 2, fruit 
the hard covering is the sweet of B.repensi,, 


306 


MANUAL OF ELEMENTARY BOTANY 


luscious edible fleshy part. All fleshy fruits are highly 
coloured, after the seeds are fully formed and ready for 
dispersion. But in young and unripe fruits the pericarp is 
generally green and the fleshy part will invariably be very 
unpalatable. Fruits get their characteristic colour only when 
they, are fully "mature and ripe. The distribution of unripe 
finiits iS‘iri no‘wa'y beneficial for the plant, and as a -safeguard 
against this sheer -waste the fleshy part remains unpalatable,’ 
until the seeds are fully developed and are ready for travel. 
This mode of dissemination is very common and it must 
rank very high among the different modes of dispersal, and 
is second only to dispersion by wind. 

Some seeds get dispersed on account of their arils, or 
strophioles. The seeds of Pitliecolohhm dulce have very 
well developed arils which are sweet when the seeds are 
mature. Then birds peck at the aril and devour it dropping 
the seed in various places. (See fig. 307.) 



Fig. 325. Jatropha seed A, back and B, front vie-w. 

There are some seeds which depend for their dispersal 
on deceptive appearances. They resemble insects and are 
consequently picked up by , certain insectivorous . birds, but 
only to be. thrown .away as being useless and this is exactly 
what the seeds need. Instances for ’’this type oi seed are 
provided by, the castor, and Jatropha seeds. 

We have instances , of plants ■ securing dispersal by the 
whole of the inflorescence being carried by the wind over 
long distances. The seashore grass Spimfex squarrosus is 
disseminated by its large round ear-heads that roll along the 
ground with the winds, 
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Fig. 326. The inflorescence of Spinifex. , 

1, female ; 2, male. 

Lastly, we have also fruits depending on water for their 
dispersal. As examples, we need only mention the Coconut, 
the Seychells Double Coconut, the top-like receptacle of 
Lotus which carries the fruits, the fruit of Oerhera Odollam 
and that of Entada scandens. It should be remembered 
that the fibrous pericarp of the Coconut though useful for 
dispersal by means of water, it may have other uses, 
especially in connexion with germination. 
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CHAPTEE XX 

VEGETATR^E REPRODUCTION 

Reproduction is a most necessary process in the life of a 
plant and for most plants the production of seed is of 
paramount importance, for without it the extension and 
distribution of species is well nigh impossible. In the case 
of higher plants the obvious method of propagation is by 
means of seeds that are produced by sexual reproduction, a 
process very complex in character, inasmuch as it involves 
the fusion of very specialised cells called gametes. 

It must not be thought that this is the only method by 
which plants multiply and get dispersed. Instead of always 
adopting this most complicated form of propagation, plants 
sometimes have recourse to other modes of reproduction. 
There are many ways by which they reproduce themselves, 
in all of which the fusion of the gametes is dispensed with 
and only portions ot the vegetative organs are concerned. 
These processes are simple in character and are merely the 
results of growth. Hence all these processes go by the name 
Vegetative Reproduction, 

We all know that some plants are propagated by means 
of small bits of stems. For instance the plants Clerodendron 
phlomoides, GonvoMilm arvensis, Gynodon dactylon and a 
host of other plants propagate themselves in this manner. 
These plants have an extensive system of underground 
stems that are very brittle. Even small bits of these branches 
are capable of growing into separate plants. It is this special 
feature of these plants that makes them most troublesome 
weeds. W e have many species of plants that propagate them- 
selves vegetatively, even in a wild state. Many plants have 
lost the power of producing seeds under cultivation, and 
consequently they can be propagated, only by vegetative 
reproduction. The methods of vegetative propagation are as 
varied, as are the means for the dispersal of seeds. 

Plants having a creeping habit similar to that of Gen- 
tella mtica, -flourish everywhere. In all such plants 
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branches creep along the surface of the ground producing 
roots at the nodes. These plants may go on increasing and 
' establishing new colonies in any 
number and occupy within a 
short time considerable areas, 
because of the capacity of 
becoming independent plants 
possessed by the creeping 
branches, when they get severed 
from the older portions either 
by decay, or accident. 

There are many plants 
whose stems are mostly sub- 
terranean, and the main work of 
these underground stems may 
be said to be the propagation of 
their kind. Subterranean stems 
in which reserve food material 
is stored in abundance, such as, 
rhizomes, corms and bulbs, are 
specially ■ adapted to serve this 
purpose. The underground 

_ , /y , branches, like other organs of a 

JdiCt. 328. CouDolvum arvenm 

L., showing the underground 

gtems. form and structure. There are 

plants whose underground stems 
differ very little from the ordinary aerial branches. For 
instance, in the Hariali grass, the stolons are white, bear 
adventitious roots and have scale-leaves instead of green 
foliage leaves. There is no visible storage of food material. 
In the grass Panicum re^em, we have an example of a 
plant whose underground parts consist of both stolons and 
rhizomes. Several species of Cyperus develop stolons, as 
well as tubers or bulbsl Instances there are in which the 
whole of the shoot-system consists of rhizomes. Further 
modifications are the bulbs, tubers, and corms. All these 
modifications are undoubtedly due to the storage of reserve 
food material. 

When the underground stems are stoloniferous - or 
rhizomic in character some of them turn up, come above the 
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surface and develop into ordinary leafy branches. These 
aerial branches remain connected .with the underground 
stems and depend upon them for their development, until 
they become fully established. When once these aerial 
branches have 
become fully 
established, they 
are capable of 
becoming inde- 
pendent plants. 

On account of the 
continried connex- 
oii and the pres- 
ence ■ of roots 
storage of reserve 
food becomes un- 
necessary in these 
cases. From the 
underground 
stems large num- 
ber of branches 
may come .up, but 
amongst them 
those developing 
from- the terminal 
bud and lateral 
buds in its proxi- 
mity are usually 
more' vigorous- 
than those arising 
from the- lateral 
'buds lower down. 

Now coming to the very much modified stems, tubers, 
cormS'and bulbs these are much better fitted for vegetative pro- 
pagation than rhizomes and stolons, as the abundant storage 
of reserve food is a positive advantage to start their growth. 
In these cases the separation from the main plant may take 
place long before the appearance of the daughter plants. 

- As- an example we may mention the Potato. In the 
Potato plant some branches develop underground, grow and 
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Fig. 330. Potato tuber 
germinating. 


become thickened at their 'ends forming tubers. These 
tubers are capable of growing into separate plants when 
detached from the parent plant. Sometimes and in some 
plants the axillary bitds in the 
aerial branches develop into aerial 
tubers. For instance, in many 
cultivated species of Dioscorea 
aerial tubers are very common. 
They all drop down and then 
grow into separate plants. In 
■Agaves and Chlorophytums bulbils 
appear in the inflorescence, and 
they drop down and' develop into separate plants. 

A corm, as for instance in Amorphophallus or Synan- 
therias, represents -the whole of the shoot system of the plant. 

The reserve food material, instead 
of being stored in the lateral 
branches, is allowed to- accumu- 
late in the main stem, and the 
lateral branches remain - as small 
buds on the surface of the corm. 
All the buds found in a corm are 
capable of developing into new 
corms in their turn^ although it is 
the terminal bud which usually 
grows and becomes the hew corm. 
Generally corms of two or three 
seasons remain together. (See 
figs. 104 to 106.) • In the corm of 
Amorphophallus there are. no 
scale-leaves ; but ■ sometimes a 
corm may be covered. by a few 
scales, or the scales may be many 
and the stem also > somewhat 
massive, as in- the tuberose, 
making it intermediate between 
a bulb and - a corm. Such 
structures as these go by the name “ solid bulbs ” amongst 
horticulturists. From this to the bulb proper is an easy 
gradation. In a bulb the axis is not very conspicuous 



Fig. 331. Poliauthes. 
Note the daughter bulbs. 
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the scales are numerous. In bulbs, ' whether solid or ordi- 
nary, we find many daughter 
bulbs,— really axillary buds, 
and by these they get multi- 
plied. (See figs. 331 and 332.) 

In rare instances even 
leaves give rise to buds which 
usually develop into plants 
later on. Adventitious buds 
develop at the margins of leaves 
of Bryophyllum calycinum and 
in Scilla indicci at the apex 
of the leaves. When injured, 
buds make their appearance in 
the leaves of Begonia. 

■ . PiG. 3B2. Onion bulbs. Even roots, as has already 

been mentioned in another 
chapter, are capable of producing shoots when cut. This 
affords another means of vegetative propagation. 

In addition to the various 
methods of vegetative reproduc- 
tion, many a plant still 
possesses- the power of regene- 
rating the parts that are • lost. 

This tendency is taken advan- 
tage of in the propagation of 
rare and valuable varieties of 
l)lant3. It is this .property that 
makes it 'possible to raise plants 
by grafting, by layering and by 
means of cuttings. 

Very often one comes across 
plants that ai'e able to propagate 333 , Bryophyllum leaf 
theniselves by tbe production ’ with adventitious buds, 
of seeds, as well as by. the vege- 
tative method of reproduction, by the one or the other of 
these two methods according to circumstances. It may be 
that the plant is capable of bearing seeds in abundance and 
yet it sometimes may adopt the vegetative method of 
reproduction. 
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From this it is clear that there should be certain factors 
which determine the kind of reproduction to be adopted by 
the plant, when it is capable of both sexual and asexual 
reproduction. From experience we know that all the condi- 
tions favouring large accumulations of food stuff- and vigorous 
growth, tend to make a plant grow vigorously and develop 
its vegetative parts, And then such a . plant tends to 
multiply itself by vegetative reproduction. When conditions 
are not favourable for a vigorous growth, plants resort to the 
formation of seeds. We often see plants growing in open dry 
places running into flower and seM. ^ * 

The nature of the offspring of a plant will vary with the 
kind of reproduction. If the offspring has resulted from 
vegetative reproduction, they will maintain the characteristics 
of their parent plant. The vegetative method of propagation 
will, therefore, enable any one to propagate a variety or form 
without any change in its character, and make it occupy the 
land quickly. But, it must be remembered that plants pro- 
duced by vegetative propagation are less able to withstand 
changes in their environments than those derived from 
seeds. With plants produced by the sexual method, it is far 
otherwise. In this case the fusion of cells from two different 
individuals, which is the chief feature of thiS’ process, 
changes the character -of the offspring in a profound manner. 
Generally the offspring differ from their forbears in some 
respects - at least. Some of the offspring may b© like -one 
parent, some like the others and some others may differ from 
both. No doubt the young plants may resemble the parents 
in a general way, but on close inspection differences also will 
become apparent. This tendency is an advantage, if new 
varieties are required, and in nature it leads to the formation 
of new plants. To make this point clear we may take the case 
of the propagation of the mango. If one wishes to have 
mango plants of a particular variety in large numbers, he 
should adopt the vegetative propagation, but if the object is 
to obtain different varieties he must have recourse to seeds 
that result from sexual reproduction. 
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CHAPTER XXI 

PRINCIPLES OF CLASSIFICATION 

Amongst plants, the spermaphyta or seed-plants represent 
the most highly organized group. It includes a very large 
number of individuals (about 120,000 now), with an endless 
variation in their structure and mode of life. To get. an 
insight into the forms of plants that exist, some sort of 
grouping of plants or classification is necessary, otherwise it 
is impossible to make any progress in acquiring the. knowl- 
edge of plants. 

By comparing plants with one another we find resem- 
blances as well as differences, in varying degrees, and it is 
usual to speak of the .resemblances as affinities. It is obvious 
that plants which are alike in several characters must have 
had a common origin. For example, the individual plants of 
a crop are all alike in many respects, . because they are the 
offspring of one kind of plant. So affinities show the 
relationship amongst plants. 

The eai:liest .system of classification, which was in use 
until the middle of the last century, is the Linnean system of 
classification based upon the single characteristic, the number 
of the staraens in a flower. This system, though most 
convenient for practical use, is defective and unsatisfactory, 
because of its arbitrary and artificial nature. When plants 
are grouped, taking into consideration only a single character, 
we are obliged to bring together plants having no real 
affinities, and keep apart those closely related. The Linnean 
system is now superseded by others, more natural because a 
larger, number of characters form the basis for classification. 
The main aim of the modern systems of classification is to 
express the relationship between different plants. Therefore, 
as many characters as .possible are taken into consideration. 
And it is only then that the exact relationship could be 
determined. 

There are two Natural systems of classification now in 
use, and they are (1) tfie system of Engler and (2) the system 
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of Bentham and Hooker. The former is largely in use on 
the continent of Europe, while the latter is the standard one 
in Great Britain and India. Therefore, in this chapter we 
shall follow Bentham and Hooker’s system. 

Flowering plants with a closed seed vessel or Angiosperms 
are divided into Dicotyledons and Monocotyledons. 

Dicotyledons, as the name implies, have two cotyledons 
in their- seeds. Flowers are generally tetra- or penta-merous 
and the leaves are net- veined. A well marked tap-root and 
a stem with secondary growth -are also the characteristics of 
this class. 

Monocotyledons, on the other hand, have only, one 
cotyledon intheir seeds. Flowers are trimerous and leaves 
are parallel-veined. The stem, as a rule, does not increase in 
thickness and there is no tap-root. 

These classes are further subdivided into sub-classes, 
Series and Natural Orders or Families, as shown towards 
the end of this chapter. 

For purposes of classification plants of a particular kind 
are said to be of one species and species are grouped together 
into a large group, the genus : and the genera are further 
grouped into Families or Natural Orders. 

We shall try to render all these points quite' clear by 
means of certain examples. Let us select a common plant 
such as the Bendai or the Okra plant. All the plants raised 
from the seeds of a' Bendai plant are of the same kind and so 
we consider this kind to be a species and the scientific name 
of this species is Hibiscus escule^itus, L. On comparing this 
plant with three other kinds or species, . Gogu, Shoe-flower 
and Hibiscus vitifolius, L., we find that all these species are 
similar in certain characters, especially in the parts of the 
flower. These common characters are as follows : — The 
stamens form a monadelphous tube, with kidney-shaped 
unilocular anthers, enclosing a superior ovary and a filiform 
style which ends in five stigmatiferous branches ; petals are 
five, free, contorted and adherent at the base to the staminal 
column ; and the calyx is monosepalous with an epicalyx of 
bracts at its base. These characteristics constitute the 
diagnosis of a genus and so all plants possessing the above 
characteristics should be brought under this genus, and the 
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CHAPTEE XXL 

PRINCIPLES OF CLASSIFICATION 

Amongst plants, the spermaphyta or seed-plants represent 
the most highly organized group. It includes a very large 
number of individuals (about 120,000 now), with an endless 
variation in their structure and mode of life. To get. an 
insight into the forms of plants that exist, some sort of 
grouping of plants or classification is necessary, otherwise it 
is impossible to make any progress in acquiring the. knowl- 
edge of plants. 

By comparing plants with one another we find resem- 
blances as well as differences, in varying degrees, and it is 
usual to speak of the .resemblances as affinities . It is obvious 
that plants which are alike in several characters must have 
had a common origin. For example, the individual plants of 
a crop are all alike in many respects, because they are the 
offspring of one kind of plant. So affinities show the 
relationship amongst plants. 

The earliest .system of classification, which was in use 
until the middle of the last century, is the Linnean system of 
classification based upon the single characteristic, the number 
of the stajnens in a flower. This system, though most 
convenient for practical use, is defective and unsatisfactory, 
because of its arbitrary and artificial nature. When plants 
are grouped, taking into consideration only a single character, 
we are obliged to bring together plants having no real 
affinities, and keep apart those closely related. The Linnean 
system is now superseded by others, more natural because a 
larger, number of characters form the basis for classification. 
The main aim of the modern systems of classification is to 
express the relationship between different plants. Therefore, 
as many characters as .possible are taken into consideration. 
And it is only then that the exact relationship could be 
determined. 

There are two Natural systems of classification now in 
use, and they are (1) the system of Engler and (2) the system 
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of Bentham and Hooker. The former is largely in use on 
the continent of Europe, while the latter is the standard one 
in Great Britain and India. Therefore, in this chapter we 
shall follow Bentham and Hooker’s system. 

Flowering plants with a closed seed vessel or Angiosperms 
are divided into Dicotyledons and Monocotyledons. 

Dicotyledons, as the name implies, have two cotyledons 
in their- seeds. Flowers are generally tetra- or penta-merous 
and the leaves are net- veined. A well marked tap-root and 
a stem with secondary growth -are also the characteristics of 
this class. 

■Monocotyledons, on the other hand, have only, one 
cotyledon intheir seeds. Flowers are trimerous and leaves 
are parallel-veined. The stem, as a rule, does not increase in 
thickness and there is no tap-root. 

These classes are farther subdivided into sub-classes, 
Series and Natural Orders or Families, as shown towards 
the end of this chapter. 

For purposes of classification plants of a particular kind 
are said to be of one species and species are grouped together 
into a large group, the genus ; and the genera are further 
grouped into Families or Natural Orders. 

We shall try to render all these points quite' clear by 
means of certain examples. Let us select a common plant 
such as the Bendai or the Okra plant. All the plants raised 
from the seeds of a Bendai plant are of the same kind and so 
we consider this kind to be a species and the scientific name 
of this species is Hibiscus esculeutus, L. On comparing this 
plant with three other kinds or species, , Gogu, Shoe-flower 
and Hibiscus vitifolius, L., we find that all these species are 
similar in certain characters, especially in the parts of the 
flower. These common characters are as follows : — The 
stamens form a monadelphous tube, with kidney-shaped 
unilocular anthers, enclosing a superior ovary and a filiform 
style which ends in five kigmatiferous branches ; petals are 
five, free, contorted and adherent at the base to the staminal 
column ; and the calyx is monosepalous with an epicalyx of 
bracts at its base. These characteristics constitute the 
diagnosis of a genus and so all plants possessing the above 
characteristics should be brought under this genus, and the 



Mb manual of elementary BOTAM 

name of the genus is HiMscus. These four plants that we 
have chosen as examples belong to the same genus, Hibiscus. 
We have about a dozen species under this genus growing in 
this part of India. The scientific names of the plants, Bendai, 
Gogu and Shoe-fiower are respectively Hibiscus esculentus^ 
Hibiscus mnnabinus and Hibiscus Bosa-smensis, 

We have a number of other plants resembling the 
Hibiscus in certain features. ' For instance? the Portia tree, 
the cotton plant and the plant Ahutilon indicum, Q. Don., 
resemble the Hibiscus in certain respects. All these plants 
agree with the genus Hibiscus in having a staminal tube 
with unilocular anthers, free contorted petals, adnate with 
the staminal column at its base and a monopetal ous calyx. 
On account of these common characteristics, we are justified 
in grouping all these plants, as well as the species of Hibiscus 
mentioned above, under one higher group, the Family or the 
Natural Order. The name of the Natural Order in this case 
is Malvacece. 

It would, perhaps, conduce to clearness, if we set forth 
all these facts in a tabular form so as to indicate the limits of 
species, genus and the Natural Order- 

All plants having flowers with' 
monosepalous calyx and free 
contorted petals, adherent at i y- . 
base to the staminal tube with | ^ 
unilocular anthers belong to | 
the family Malvacece. J 

Plants of the family Malvaceae may further be subdivided 
into genera and species as shown below : — 

Style branched at the free end — 

Epicalyx present — 

' bracts five or more ... ’ ...I 

style branches five • • •' • • • f Hibiscus. 

ovary five or many -celled ' . . , J 

bracts three; style lobes three ; 1 ^ . 

ovary three or four-celled. J 

Epicalyx not present — 
style branches and cells of thel 
ovary twenty or more. j 

style not branched at the free end. 1 Im^iesia. 
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I species of the (jenus Eihiscus. 

Flowers, large, showy — 

Petals yellow— 

, angled sharply, seeds | ^ 

fruit small, but with close-set*] 
harsh ' bristles ; calyx with V H. camiaUnus. 
glands outside. J 

fruit long ; calyx spathaceous ... H. mulenhis. 

Petals red- 

fruit iiot formed ... H. Eosa-smemis. 

Flowers, small — 

Petals white — I 

fruit small and round ; seeds > H. micranthiis^ 
cottony. J 

SYSTEM OF CLASSIFICATION ACCOEDINO TO 
. BENTHAM AND HOOKEE. 

Class— Dicotyledons. 

Sub-class I Polypetalse — (Flowers usually with both 
sepals and petals and the latter distinct and not united. ’ 

Scries (1) Thalamiflorae. — Sepals and petals quite 
distinct, stamens liypogynous'and ovary superior. 

Scries (2) Disciflorae. — Sepals distinct or united, free 
or adnate to the ovary: stamens hypogynous : a disc is pre- 
sent ; ovary superior. 

Scries (3) Calyciflorae. — Sepals united, free or adnate 
to the ovary ; stamens perigynous ; ovary superior or 
inferior. 

Sub-class II Gamopetalac.— (Flowers usually with b(»th 
calyx and corolla and the latter always monopetalous.) 

Series (1) Inferac.— Ovary inferior and stamens equal- 
ling the petals in number. 

Series (2) Heteroracrae.— Ovary superior ; stamens 
equal to petals, more or indefinite. 

Series (3) Bicarpellatac.— Ovary superior ; stamens 
equal or less than the corolla lobes; carpels two. 

Sub^class III , Incompletac.— (Monochlamydae.) (Flo- 
wers with a single whorl of perianth,' i.e., the calyx.) 
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Series (1) Curvembryeae. — Ovary with, solitary ovules ; 
embryo curved in floury endosperm. 

Series (2) Multiovulatae. — Ovary with indefinite ovules. 

Series (3) Micrembrye. — Ovary with solitary ovules 
in the cells apo or syncarpous ; embryo very small with 
endosperm. 

Series (4) Daphnales. — Ovary of one carpel with one 
or more ovules, perianth regular perfect and stamens 
perigynous. 

Series (5) Achlamydosporeae.— Ovary unilocular, 1 
to 3 ovuled but ovules not clear until after fertilization. 

Series (6) Unisexuales. — Flowers unisexual, ovary 
one carpel or syncarpous ; ovules solitary or two in each 
cell ; sepals reduced or absent. ■ 


Class— Monocotyledons. 

Series (1) Microspermae.— Inner perianth petaloid ; 
ovary inferior with three parietal placentas ; seeds very 
minute. 

Scries (2) Epigynae. — Perianth partly petaloid ; ovary 
inferior and endosperm plenty. 

Series (3) Coronarieae. — Inner perianth petaloid, 
ovary free, superior, endosperm present. 

Scries (4) Calycinae. — Perianth sepaloid ; ovary 
superior. 

Series (5) Nudiflorae.— No perianth ; ovary superior. 

Series (6) Apocarpae.- Perianth one or two whorls 
or absent ; ovary superior apocarpous. 

Series (7) Glumace^. — Flowers single, axillary in the 
axils of bracts; no perianth; ovary, one-celled . and one- 
ovuled. 


NATUEAL OEDEES ♦ GEOUPED ACCOEDING TO 
BENTHAM AND HOOKEE’S SYSTEM. 


Dicotyledons. 


POLYPETALiE— 

(1) Thalamifloras— 

V Anonaceae. 

A Nymphaeaceae. 


.POLYPETAL.®— 

(1) Thalamiflorae — cont. 
w Cruciferae. 

> Capparideae 


* Only those described in the next chapter- are included here, 
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POLYPBTAL^— COniS. 

(1) Thalamifloraa — cant. 

Yiolacese. 

Polygalacese. 

Portulacaceae. 

Malvaceae. 

' Stercnliaceae* 

Tiliac83. 

Linaceae. 

G-eraniace^. 

(2) DisciEoraa — 

Rutaceae- 

Meliacese. 

v-Rhamneae. 

Ampelidese. 

Sapindaceae. 

Anacardiaceae. 

(3) Calyciflor 82 — 

V Legnminosae, 

^ Combretaceae, 
v'Myrtaceae. 

\ Cxiciirbibaceae. 
Aizoaceae- 
. Umbellifer^. 


G-AMOPETALiE— 

(1) Infcrae — 
Rubiaceae. 

V Gompositae. 

(2) Hetcromcrse — 
Sapotaceae. 

(3) Bicarp cllatas — 

' Apocynaceae. 
Asciepiadeae. 
Boragineae. 
vConvolvulaceae. 
Solanaceae. 
Scrophularineae. 
Pedalineas. 
Acanthaceae. 
Labiatae. 

INCOMPLETJE — 

(1) Curvcmbryas— 

* Amarantaceae. 

(2) Unisexualcs— 
^ Euphorbiaceae. 

iUrticaceae. 


Monocotyledons'. 

Series (1) Microsperma^ — Orchids^. 

Series (2) Epigyna 2 ^Scitaniirie^, Amaryllideae. 
Series (3) Coronariese — Liliaceae, Commelinaceae, 
Series (4) Calycinae — Palmae. 

Series (5) Nudiflorae—Aroideae. 

Series (6) Glumaceae— ^Cyperaceae.i-Grammeae, 
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CHAPTEE XXII 

DESCRIPTION OF NATURAL ORDERS 
Anonacbje 

For this family the Custard-apple {Anona squaynosa, L.) 
may he taken as a type. This is a small tree branching 
freely with leaves, arranged bifariously on the twigs. Leaves 
are simple, alternate, exstipnlate, shortly petioled, oblong, 
entire, dark green above and slightly glaucous beneath. 



Fin. 334. Fruit of Amna sqnamom, L. 

Flowers arise singly from the leaf axils and the flower 
consists of three small triangular membranous sepals, valvate 
in bud, three petals, indefinite stamens and a superior ovary 
of many carpels. The petals are valvate in bud, fiesh;^", thick 
and somey^hat triangular in section, narrow oblong and 
concave below. Stamens are spirally and closely packed on 
the prominent conical receptacle and hypogynous ; filaments 
are very short ; anthers long, two-lobed,and crested with the 
dilated end of the connective. Ovary consists of many 
carpels closely packed, 
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Frnit is a berry consisting of several fleshy carpels, all 
fused together in one mass. Seeds are black, polished and 
oblong and possess endosperm which is in the form of 
folds (ruminate endosperm). 

A?wna reticulata, L., or the Bullock’s-heart is another 
commcm tree under cultivation. This differs from the 
Custard-apple only in certain respects. Flowers are clustered 
in groups, instead of solitary, and the areolation on the surface 
of the fruit is not quite so distinct as in A. Bqiiamom, L. 



Fio. 335. Fruit; of Antmi L., h fcolinnl section 

Pjolyalthia^ longifoUa, Bentln, is anbther common avenue 
tree of this order. Leaves are lanceolate with undulate 
margins, shining and studded with pellucid glands. Flowers 
arise from old branches in umbels, or short racemes. Petals 
are thin six, in two whorls of three each. Fruit consists of 
free carpels. 

GJmricters of the Family . — Plants belonging to this order 
are trees or scandent shrubs. Leaves are simple, alternate, 
ex-stipulate, short-stalked, entire and generally bifarious. 

Flowers . are solitary, fascicled, umbelled or racemed, 
Sepals are three, valvate in bud and small. Petals are either 
six (in two series of three) or three. Stamens are numerous ; 
hypogynous, closely and spirally packed on the receptacle ; 
filamejits are short, anther linear and usually crested by the 
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dilated end of the prolonged connective. Ovary is superior 
consisting' of closely packed carpels which are usually free 
(fused in Anona). Fruit is fleshy, of free carpels except in 
Anona. Seeds have ruminate endosperm. 



Fig. 336. Floral parts of Anoxia reticulata, L. 1, branch with young 
' leaves ; 2, flowers j 3, stamens and tjfle pistil ; 4, parts of the 
flower j 5, 6, ,7, front, back and profile views of stamens.- 

This family ' is completely tropical. Other genera 
commonly found in South India, are Uvaria, Saccopetalum 
and Miliusa. 



t. 337. Seed of PolyaltUa longifoUa, Benth. 1, entire seed 
2, section of seed showing the embryo and rumijiated endosperm, 
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The Water-lily and Lotus are the representatives of this 
family. Both are aquatics and are met with in tanks and 
ponds all over South India. 

Nymplma ])uhescens^ Willd., or the Water-lily has a short 
underground stem and large leaves on very long stalks. 
The leaf blade is somewhat round in outline with a deep 
sinus at the base, attached to the stalk peltately, and floats on 
the surface of the water with the part where the petiole 
joins it being slightly raised and higher than the other parts. 
The lower surface of the blade is reddish and the spongy 
veins are very prominent and the upper surface is green, 
smooth and cannot be wetted with water. 



Fig. 338. Leaf of Willd. 

Flowers are solitary on long scapes, floating. Sepals are 
four, oblong. Petals are unequal, twelve or more, oblong, 
white or deep red. Stamens are about 35 to 40 or more ; 
filaments are flattened at the base, the outer more so than the 
inner ; anthers are introrse, without appendages. Ovary 
consists of many carpels fused with the fleshy receptacle. 

Fruit is a soft spongy berry with 12 to 15 or more 
cavities lined with seeds. Seeds are somewhat globular, 
covered with tubercles appearing as lines and are enclosed 
by a saclike aril. 

21-4 
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Fig. 339. Nymphc(‘apuheHce}is,'Wi\ldL, 1, fruit ; 2, longitudinal and 
3, transverse sections ; 4, arillate seed ; 5, 6 aril and seed sepa- 
rated. (4, 5 and 6 magnified and 1, 2 and 3 reduced.) 



340^, Ifelunihmm fi-^)eclomn\ Willd. 




BBSCRIPTION OP KATUBAL 6rdEBS 


335 


The Lotus or Nelnmhiinn speciosum, Willd., is another 
well-known plant of this family growing in temple tanks. It 
has a creeping and branching stem with roots at the nodes. 
Leaves are very long-stalked and the blade is round, raised 
above water and cup-shaped in the middle. Flowers are 
solitary, large, on long peduncles. Sepals are four or five. 
Petals are 15 to 20 or more, white or pink, unequal and deci- 
duous. Stamens are many with club-shaped appendages 
to the anthers. Carpels are ten to twenty separately sunk 
in the top shaped receptacle. 

Fruit consists of tbe top-shaped receptacle in which the 
ripe carpels are imbedded. 



Fig. 341, NelumUum apeciosum, ‘W’illd. 1, flower bud ; 2, essential 
parts, stamens and pistil ; B, the g}-n8eceum cut throughj 
4, carpel ; 5, 6, 7, stamens. 

Characters of the Family . — Plants of this order are all 
aquatics, with large leaves and flowers borne on long stalks, 
which are usually spongy on account of large air spaces. 
The sepals are usually four or five, ^free. Petals are many, 
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unequal, free ; stamens are indefinite with flattened filaments. 
The ovary consists of many carpels that are either fused with 
the receptacle or free and immersed in it. Fruit ife a berry. 
Seeds are arillate or not. 

Crucifers. 

The Mustard plant, Brassica junceq, L., serves as a good 
example of this family, it is an annual with sessile, pinnately 
lobed leaves and long terminal racemes of yellow flowers. 
The racemes are at first corymbose and the axis elongates 
later, when fruits are formed. 



FlU. 342, Brassica juncea, L. 1, raceme ; 2, stamens and pistil ; 

3, petal ; 4, fruit (siliqua) ; 5, flower. 

Flowers are generally without bracts. There are four 
narrow green^ sepals in two whorls, and the two lateral sepals 
of the inner whorl are slightly bulging at, the base on account 
of the two glands opposite to them on the receptacle. Petals 
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are free like the sepals, clawed, bright yellow and are cross- 
wise in one whorl. Stamens are six, tetradynamons ; the two 
shorter staiiens are opposite the lateral bulged sepals, and there 
are two glands one near each of these stamens. The ovary 
is superior, of two carpels with parietal placentation. At first 
though unilocular a false septum is formed later, and hence 
the fruit is two-celled. Fruit opens by two valves sepa- 
rating from below and leaving the septum with seeds on. 
Seeds are black, small. 

This order is very well represented in temperate regions, 
and in the tropical regions very few species occur. In 
South India Cardamine and Capsella are the only genera 
occurring in a wild state on higher elevations. Othef plants 
of this order, such as the Radish, Turnip, Cauliflower, 
Cabbage, Nolkhol are all usually cultivated. 



Fig. 343. Radish. 1, inflorescence ; 2, flower ; 3, stamens and pktil 
4, sepals and petals. . : 


Characters of the Family.— A.\\ members of this family 
are herb's. Plants belonging to this family af e easily recog- 
nized by the tetradynamons stamens, the cruciform clawed 
petals and the peculiar fruit with the false septum 
(siliqua). 
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The Velai {Gynandropsh pmtaphylla, DC.) plant of this 
family is an annual herb gi^owing in waste places and it emits 
a 'peculiar strong smell. 

The plant is erect, and branches well. Leaves are alter- 
nate, ex-stipulate, long-stalked, palmately compound ; leaflets 
are flve, sessile ovate-elliptic, acute, entire and hairy on both 
sides. Inflorescence is a terminal raceme, at first corymbose 
and afterwards lengthening into a regular elongated raceme. 

Flowers have bracts consisting of three sessile leaflets and 
long viscidly hairy stalks. Sepals are four, free, lanceolate. 
Petals are also four, white and clawed. There are six 
stamens that are attached to the gynophore, which carries 
on its summit the ovary. Fruit is unilocular, with parietal 
placentation and dehiscent. 

This family is, well represented in South India and the 
most common genera occurring in a wild state are Cleoine, 
Capparis and Cadaba. The genus Cleome differs from 
Gynandropsis in not having a gynophore, but res^embles it in 
other respects. In Capparis we have indefinite stamens and 
they are not attached to the gynophore. The fruit is a berry 
and not a dry capsule as in Cleome. 

Cleome^ JJJjdidonn, L.f., is a weed of claj^ey soils 
easily recognized by the rose-coloured flowers. Cleome 



is borne by the gynophore and it is 


visoosa, L., is another one 
found everywhere and it 
is a sticky plant, as its 
name indicates and bears 
yellow flowers. 

Cappa ris sepiaria, L., 
forms thick impenetrable 
bushes and flourishes 
everywhere in the 
scrubby jungles of South 
India. There' are stipu- 
lar thorns. The flowers 
are white, small and in 
umbels. The fruit alone 
a berry. 
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Cadaha indica, L., is aiiother straggling slirxib with simple 
oblong leaves and greenish flowers commonly found in this 

country. The flower has 
four stamens borne by the 
gynophore and the most 
striking feature of the 
flower is its tubular disc 
projecting from the centre 
of the flower. The fruit is 
torulose and the seeds are 
surrounded by a red aril. 

Chamcten of the 
Family . — The plants of this 
family are herbs, shrubs or 
trees. Leaves are alternate, 

Pig. 345. CcMa imVica, L. with or without stipular 
thorns, simple or. compound. 
Flowers have four free sepals and petals with definite or 
indefinite stamens, attached to the gynophore or not. • The 
ovary is one-celled, stalked or not. Fruit is capsular, or 
berried, unilocular with parietal placentation. 

ViOLACEiB]. 

The very widely occurring "^^^dilonidium mffruticomm^ 
Ging., is a species of this family. 

It is a low herb with usually alternate, rarely opposite, 
linear or lanceolate, coarsely serrate leaves, with fine gland- 
tipped stipules. Flowers are pinkish or red and solitary. 
There are five free unequal sepals, not produced below at 
the base. Petals are unequal, five, four being very small 
and inconspicuous and one (tb.e lower one) large clawed and 
saccate at the base. Stamens are five with free filaments and 
anthers united or free. Two anthers are spurred at the base ^ 
and all the anthers with their connectives produced beyond 
the anther-lobes as flaps. The ovary is superior, one-celled, 
with three parietal placentas. The style is clavate with 
oblique stigma. The fruit is a somewhat rounded capsule, 
breaking into three valves. Seeds are rounded, striate and 
with endosperm. 
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The commonest species occurring on the hills are Viola 
Patrinii, DC., F. serpem^ Wall, and F. distam, Wall. All 
the species of this family occurring in South India are herbs 



Fio, 346. lonidium suffruticosum, G-ing. 1, 2, flowers j 3, ovary ; 

4, section of the ovary; 5, fruit ; 6, seed. 

except the one species, Alsodeia seylanica, Thw., which is a 
tree flourishing on the sides of the low hills of the Western 
Ghauts. 

Plants of this family are mostly herbs or shrubs, and 
rarely trees. 

Poly gala chinensis, L., P. erioptera, DC., Var VahUana^ 
or P. holbothrix, Dunn., may be examined as types. 

These are annuals with alternate, simple, ex-stipulate 
leaves which often vary very much on the same plant. 
Flowers are yellow in P. chinensis and pinkish in P. 
erioptera and P. MMhrix, and they are in racemes, axillary 
or extra-axillary. There are five unequal sepals, the two 
inner being larger and somewhat petaloid.. Petals are three 
united at the base only with the staminal sheath, the lower 
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being boat shaped and crested at the tip. There are eight 
stamens, with the filaments united into a sheath split on one 
side. Ovary with a simple curved . style, two-celled with a 
single pendulous ovule in each. Fruit is a loculicidal capsule, 
two-celled with one seed in each cell. Seeds are hairy with 
a waxy three-lob ed appendage (caruncle) and endosperm. 



Fig. 347. Poly gala lolbothrlx, Bunn. 1, branch ; 2, a part of a 
leaf ; 3, a part of the stem. 

There are about a dozen species of Polygala occurring ii 
South India. Polygala Javanna, DC., is a pretty species 
occurring on low hills. 

Salomonia oUongifolia, DC., is a very slender small plan 
mostly confined to the West Coast. A'anthophylhm Jiaves' 
cens, Roxb., is a large timber tree belonging to this famih 
found growing on the Nilgiris and in the -West Coast. 



MANUAL 01' ELEMBNTAKY ^OtANY 





'iG. B48. Poly gala erioptera, DC., Var Vahliana. A. branch; 
1, flower-bud; 2, flower; 3, ovary; 4, petals, stamens and pistil ; 
5, fruits ; 6, fruit cut open ; 7, seed. 



Fig-. 849. Polygala chlneims, h. I, flower-bud; 2, flower; 3, petals 
stamens and pistil ; 4, fruit ; 6, fruit cut open ; 6, seed. 

PORTULAOACB.®. 

The common weed P0Hulacci oleraoea, L., is a species of 
this family. It is a creeping succulent herb, quite glabrous 
in all its parts. Leaves are alternate or sub-opposite, cuneate, 
truncate or rounded at the apex, covered with glistening dots 
when fresh, sub-sessile and without stipules. 
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Flowers are clustered towards the ends of branches 
amidst whorls of leaves, sessile. There are two sepals joined 



Fic. 350. Portnlaca oleracea^ L. (!') a7id quachijich^ h. (2). 


below, and the free part deciduous. Petals are obovate, 
yellow, five. There are eight to twelve stamens. Styles are 
three- to eight-fid and the ovary is half -inferior and unilocular. 
The fruit is a capsule opening transversely by means of a lid. 
8eeds are blackish and with floury endosperm. 



FiO. 351. Portnlaca oJeracea, L. 1, flower-bud; 2, flower ; 3, petals 
and stamens ; 4, longitudinal section of the pistil ; 5, fruit ; 
6, seed- 
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There are five species of Portulaca occurring in South 
India. Po^-tulaca quadriftda, L., is a weed occurring in moist 
places and it is easily recognized by the ring of silvery hairs 
at the nodes, the small opposite leaves and the small terminal 
solitary yellow flowers. Another species P. ivightiana, 
Wall, occurs in sandy places and can be recognized by the 
stipulary scales at the nodes and solitary flowers. 

Gharacters of the These are all mostly glabrous, 

succulent herbs. ' Leaves are entire with or without nodal 
scales or hairs. Flowers are regular and bisexual. Sepals 
are two and imbricate. Petals are four or five, fugacious. 
Stamens are few or indefinite. The ovary is unilocular, free 
or halfdnferior with two- to eight-fid style. Ovules are 
many at the base or on a central column in the ovary. The 
fruit is a capsule, dehiscing into valves or circumciss. Seeds 
are with endosperm. 


The common garden Shoe-flower {EiUscmRosa-sinenm, 
L.) is a good representative of this family. It is a~ shrub, 
• branching freely and bearing large showy axillary solitary 
flowers. Leaves simple, alternate with linear stipules ; 
petiole is short and the blade is ovate with dentate margin. 

Flowers are large, the peduncle is jointed, and there are 
six or more linear bracteqles at the base of the calyx cup 
which has five triangular teeth. The corolla consists of five 
large, red, free petals adhering at the base to one another 
and to the staminal tube, contorted in aestivation. Stamens 
are monadelphous forming a tube, antheriferous only at the 
upper half and the anthers are kidney-shaped and one- 
celled. Ovary is superior, five-celled, -with axile placentation ; 
style is veiy long, slender, brpching at the top into five 
stigmatif erous branches. The ovary does not develop into a 
fruit in the garden Hibiscus ; but in many species of Hibiscus 
the fruit is a loculicidally dehiscing capsule. 

The order is a large one and there are several species that 
have a wide distribution. The genera Si^^ Ahutilon^ IJrena 
aud Pavonia are found everywhere. These" genera" differ 
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from Hibiscus in several respects, tRougli they are all alike 
in all essential characters. In all these genera, the fruit 



Fio. 352. Abutilon graveoleM^'W , k.. 1, flower cut 
vertically ; 2, fruit. 


breaks into its component parts, i.e., it is a schizocarp ; 
bracts are absent in Sida and Abutilon, and there are five bracts 
in Urena, and Pavonia has five or more. The style branches 



Fio. 353. Floral parts of AluUlon indicum, G. Don. 1, front view of 
flower ; 2, pistil ; 3, staminal tube ; 4, top view of fruit j 
5, vertical section of fruit ; 6, a segment with seeds. 

in Urena and Pavoiiia are twice as many as the carpels, but 
in ^ida and Abutilon they are as many as the carpels, 
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Several fspecies of Malvaceae are under cultivation. The 
ordinary Cotton plant, Gossypium herhaceum, L., Hibisms 
eanmtUmis, L., H, esculentm, L., and E, sabdariffa, L., are 
all cultivated in South India. 

TJmpesi'a pop^dnea, Cdrr., is a common avenue and 
seashore tree. Other trees of this order which are of some 
economic importance ?iVB Eriodmdron anfrackwmm , DC., 
and Bombax malaharicum, DC. 

The Characters of the FamUy, of this order are 
herbs, shrubs and trees. Leaves are alternate, stipulate, 
simple, with palmate veins in some cases. Flowers are 
bisexual, axillary and solitary. Sepals are five, monb- 
sepalous. Petals are free, contorted and adnate to each 
other, at base and also to the staminal tube. Stamens are 
united into a tube, indefinite ; anthers are reniform, 
ultimately o ne-cell ed, Ovary is three to five or many-celled, 
with aYile nlacentation . Fruit is either a capsule bursting 
loculicidally or a schizocarp, with dehiscent or indehiscent 
cocci. Seeds are reniform, naked or hairy. 

^ Stbrculeacbje. 

This family is represented by eight or nine genera in 
South India and as types the two species yielookfa eorchorf- 
folia, L., and Waltheria hdica, L., occurring as weeds all 
over South India, may be examined. 

Melochia^ corehqrif I'm, L,, is an erect herb with stellately 
hairy branches. The leaves are simple, alternate, petiolate 
with small lanceolate stipules. The blade varies from oblong 
to ovate, serrate, glabrous above and stellately hairy below t 
base of blade is five-nerved, rounded or cordate. 

Flowers are regular, pentamerous in all their parts, 
densely crowded in axillary or terminal clusters, and with 
bracteoles. Sepals are free, though slightly cf nnate at base, 
lanceolate. Petals are pink in colour and longer than the 
sepals. Stamens are five and united at base into a tube. 
Ovary is five-celled and two-ovuled. 

Fruit is a loculicidally dehiscing capsule ; it is globose 
and enclosed by the persistent calyx. Seeds are black, some- 
yrhat singular and iu each cavity there is only one seed, 



DESCRIPTION OP NATURAL ORDERS 


337 


Waltheria indica, L., is somewhat like Melochia 
corchorifolia, L., in habit and in the structure and arrange- 
ment of the flower. But the ovary is one-celled and two- 
ovuled, and the fruit contains only one seed. 

Helicteres Isora^ L., is fairly abundant in all low jungles 
in South India and becomes very attractive when in flower, 
on account of the crimson flowers. The petals are irregu- 
lar, the stamens are tubular and the ovary has a stalk. The 
fruit consists of five linear follicles more or less twisted 
spirally. 

Several species of Pterosperinum are found in the forests 
of low hills. The leaves of the trees of this genus vary very 
much and the fruits are loculicidai woody capsules with 
winged seeds. 



Fid. 354. Gmzuina toirmtosa, Euuth. 1, branch j 2, flower with 
one petal and androeceum ; 3, stamens and staminodes with 
pistil ; 4, petal. 


The tree, G-uamma tomentosa, Kuntli, is met with in 
many places as "an avenue tree:' . The petals are concave with 
two strap-shaped narrow appendages at the apex and there 
are staminodes. The fruit is also striking in appearance, as it 
is woody and tubercled, recalling to our mind the mulberry, 
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Characters of the Fariiily.—Uhe plants of this order are 
herbs, shrubs and trees. Leaves are alternate, stipulate, 
simple and shortly petioled. Inflorescence is cymose, 
axillary. Flowers are regular usually bisexual, though in 
some species unisexual. Sepals and petals are five and free. 
Stamens are definite in number, free, with or without 
staminodes and anthers' two-celled. . Ovary is five-celled 
with axile placentatipn. Fruit is usually a capsule. 

The family is a tropical one. 

. TlLIACEiE. 

This order is also a tropical order and five genera occur 
in South,India, The species Corchorus oUtorius, L., or any 
other species of Corchorus may be taken as a representative 
of this order. 

, ' Corchorus oUtorius^ L., is an erect plant” sometimes 
growing to a height of four feet, with a tendency to' branch ■ 
freely. Leaves, are alternate, very short stalked, with narrow- 
stipules shorter than the petiole. The blade is ovate to ovate- 
lanceolate, serrate with the two lowest teeth prolonged 
downwards as a tail, at base rounded and three to five- 
nerved. 

Flowers are in groups of two or three, axillary with short 
pedicels. Flower buds are distinctly angled, obovate and 
tipped with a cusp. There are five sepals and' petals, both 
being free. Stamens are many, free, with two-lobed anthers. 
Ovary superior, usually five-celled. 

Fruit is a cylindrical capsule with ten ribs, five-celled 
with transverse partitions between the seeds. Seeds are 
somewhat triangular, dull black. 

Trmmfetta rhombQidea, Jacq., is another common weed 
with a wide “distribution. This is easily recognised by its 
small globose fruits, covered with hooks. 

The species of Grewia are also very widely spread and 
they are conspicuous by their cymose inflorescence and 
drupaceous fruit. " 

Another genus with many species mostly confined to 
hills is Elaeocarpus. This genus has large flowers with 
aciniate petals and long linear anthers opening by pores at 
he apex.’ The fruit is a one-seeded, one^celled drupe. • This 
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genus is now separated into a family by itself under the name 


The tree Berrya Ammonilla, Roxb., which yields the 
valuable timber, Trincomali wood, is a member of this 
family. 



Pig. 355. Corchorus oUtorius, L. 1, a branch ; 2, young flower-bud ; 
3, flower ; 4, stamens 5 . 5, pistil ; 6 , fruit ; 7, .transverse section of 
fruit ; 8 , capsule burst open ; 9 and 10, seeds. 

Characters of the Family — order includes trees, 
shrubs and rarely herbs. Leaves are alternate, simple, 
stipulate. Flowers are regular, bisexual. Sepals and petals 
are three to five. Stamens are usually indefinite inserted on 
the edge of the receptacle, and free ; anthers two-celled. 
Ovary is seated on a distinct stalk (torus), two- to ten- celled. 
Fruit is one- to many- celled, dry or fleshy, dehiscent or 
indehiscent. 

LlNACEJl. 

This is a small family with only four genera occurring in 
South India. The cultivated Flax Plant, Unum mitatissir 
mum, L., will serve as a good example of the family. 

The Flax Plant is a small annual herb with erect freely 
branching slender stems, Leaves are small, linear op 
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lanceolate linear, exstipiilate, alternate and entire. The in- 



F!(i. 35^). Llmm ufiHatlm- 
muniy L. 


florescence is cymose, the main 
axis terminating in a flower and 
the succeeding ones behaving 
similarly so that the inflorescence 
is scorpioid. 

Flowers are leaf-opposed 
regular and bisexual. There are 
five persistent free sepals and five 
blue fugacious clawed petals. In 
the bud the sepals are quincuncial 
and petals contorted. The 
stamens are five, connate at the 
base with minute staminodes 
alternating with the stamens. 
The ovary is superior, five-celled, 
though ten-celled due to the 
formation of false septa, styles 
are five free. ' The fruit is a 


septicidally dehiscing capsule. The seeds are compressed 
with brownish testa, and scanty endosperm. (See fig. 356.) 



.357. Limm L. 1, flower ; 2, longitudinal section 

of flower ; 3; sepals and gynseceum ; 4, stamens and gynseceum ; 
5. transverse section of 'ovary; 6, fruit; 7, seeds; 8, floral 
diagram. 
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Linum, mysorense^ Heyne., is a fairly common plant 
occurring on higher elevations in the hilly regions in South 
India. It is a slender annual with very small leaves and 
small yellow towers. (See fig. 358.) 



Fig. 358. L. mysonme^ Heyiie. 

Another species of this family, occurring widely in the 
forest on the plains all over South India is Hugoma MyHtax, 
L. This plant can easily be recognised by the large yellow 
fiowers, drupaceous fruits and the spiral hooks which are the 
lowest peduncles. (See fig; 359.) ’ 



FiGi 369. ' hugoim My^tax, 
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Characters of the Family.— The plants of this family are 
herbs or undershrubs. Leaves are alternate, simple, usually 
entire, with or without stipules. Flowers are in cymes, with 
five free or slightly connate sepals and five fugacious petals. 
Stamens are five or ten, with staminodes or not, united at the 
base. 

Ovary is superior with three to five free or united styles, 
three to five celled. Fruit is a capsule or a drupe. Seeds 
are with endosperm or without it. 


This is a small family represented in this part of India by 
only five genera. The species also are very few except in 
the genus Impatiens. 

. The common weed Oxalis corniculata, L., is a member 
of this family. It is a very difuse annual, with creeping 
branches bearing long-petioled compound leaves. Leaflets 
are three and ob-cordate. The inflorescence is an umbel on 
a slender peduncle. 



Fig. 360. Oxalis cornkulata, L. 1, flower-bud ; 2, flower ; 3, flower 
without petals ; 4, petal ; 5, stamens and gynseceum ; 6, 
transverse section of ovary ; 7 fruit ; 8, seed, with aril j 9, seed 
without aril ; 10, aril. 
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Flowers are regular and yellow. Sepals are free, five and 
quincnncial. Petals are five, emarginate and contorted- 
Stamens are ten, five opposite the petals short and five 
opposite the sepals long. The ovary is five-celled with five 
free styles. Fruit is a loculicidal capsule. Seeds are usually 
covered by an outer fleshy aril-like coat bursting elastically 
and with fleshy endosperm. 

Another common weed of this family is Biophytum 
sensitivum, DC. The leaves are usually crowded at the ends 
of stems and branches, and are pinnately compound and 
sensitive. 

The Genus Impatiens is very rich in species, about 70 
speci es being recorded as occurring in South India. InipaMms 



Fig. 361. Inipcbtiens chinensis^ L. 

halsamim, L., is a very common plant occurring in wet places 
in the plains and ondow hills. Another comihoh balsam on 
the hills is Impatiens chinensis^ L. The most striking 
feature of balsams is the structure of its flowers. Flowers 
are irregular, with three petaloid sepals, two lateral being 
small and one large usually produced into a spur. Petals 
are three, two lateral, called wings and one large one, called 
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the standard. The stems aj*e very Juicy, herbaceous, brittle 
and transparent. Th*^ fruit is a capsule bursting by the mere 
touch of it, and the name of the genus is derived from this 
explosive fruit. 



Pig. 362. Impatkm cMmnm, Jj. 1, sepals, petals and gynaeceum ; 

2, fruit ; 3, seed, ^ 

.. Rut ACE JE. 

The common orange, Citrus anrantmni, L., will serve as 
an example of this order. 

This is a tree with numerous spinescent young branches. 
Leaves are alternate, exstipulate, compound and unifoliolate 
with winged petioles. The leaflet is elliptic or oblong 
elliptic, ' studded with pellucid oil glands, entire or crenate. 
Flowers are clustered as small cymes. The calyx is 
somewhat cup-shaped, usually five-toothed. Petals are 
usually five, white, linear, oblong thick. Stamens vary in 
number from ten up to twenty or sometimes even more. 

Ovary is eight to many celled. Ovules are many and 
biseriate .and placentation axile ; the style ' is cylindric, 
prominent with a capitate stigma. Fruit is a many-celled 
berry with a leathery rind and fleshy hairs within the 
cavities growing from the inside of the pericarp. Seeds 
have a coriaceous testa and they are often poly-embryonic. 

Other species that may. be examined are Feronia 
dephantvm, Oorr., JEgJe Marrmlos, Con*., , Murray a. 
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Kcenigii, Spreiig., M. exotica, L., and loddalia, cmatica, 
Lamk. 



Pig. 363. Citrm aurantimn, L. 1, leaf ; 2, flower ; 3, longitudiaal 
section of flower ; 4, fruit cut across. 

Feronia ehpliantum, Con*., is a spinous tree with com- 
pound leaves. Flowers are unisexual, dull red and in 
panicles, both male 
and female flowers are 
found in the same 
panicle; The fruit is 
a berry with a woody 
rind. Seeds are im- 
mersed in pulp. 

Toddalia cmaPka, 

Lamk., is a very 
prickly shrub and it 
forms an impenetrable 
thicket on the plains, 
but on the hills it 
grows larger. 

Gharacters of the Family. of the members of this 
family are tropical in distribution and consist of trees, shrubs 



Pig. 364. Mwmya ewotica^ L. 
1, flower; 2, pistil. 
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and herbs and all parts abound in oil glands, though these 
are more prominently seen in leaves as translucent glands. 
Leaves are simple or compound, alternate and without 
stipules. Flowers are bisexual usually with four or five 
petals and a cupular calyx with the same number of teeth. 
Stamens vary in number from five to ten or more. There is a 
distinct disc inside the stamens. Ovary is four to many celled, 
style stout and stigma capitate. Fruit is usually a berry. 


MELIAOE^. 

This is another family whose members are widely distri- 
buted in the warm regions of the Old and the New World. 
The common Margosa or Nim tree is a good representative 
of this family. 

Azadirachta in- 
dica, A. Juss., is a large 
tree with a straight 
trunk. Leaves are 
found crowded to- 
wards the ends of the 
branches. They are 
alternate, exstipulate, 
compound, odd pinnate. 
Leafiets are obliquely 
lanceolate or falcate, 
toothed, sub-opposite 
and vary in number 
from nine to thirteen. 

Flowers are regular, 
hermaphrodite and, in 
narrow axillary pani- 
cles. Calyx is finely 
hairy and deeply five- 



Fig. 365. Azadirachta, indica, A. J 


, 1 


' inflorescence ; 2, flower ; 3, longitudinal , , , -r^ . -i ^ 

section of a flower j 4, staminal tube Petals are five 

laid open j 6, pistil. narrowly ■ obovate .ob- 

long or spathulate, 
ciliate. Stamens form a tube narrow at base and somewhat 
broad at the top with recurved teeth, anthers are ten and 
opposite the teeth. Ovary is three-celled,- style is longer than 
the ovary and the stigma is-three-toothed. 
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Fruit is a drupe. Seed 'without endosperm, ellipsoidal, 
single with very thick cotyledons. ' 

Other members usually met with in the forests of South 
India are Cipadessa bacdfera, Miq., Amoora Bohituka, W. & 
A., Walsura piscidm, Roxh., and Heynea trijuga, Roxb. 
Some species of this order yield well-known timbers. 
Chukrasia tahularis, A. Juss., yields the “Chittagong 
wood” or the white “cedar.” The well-known “satin 
wood” is the timber of Ghloroxylon Swietenia, DC. 
Oedrela Toom^ Roxb., is another valuable timber tree 
known by the name Toon or the Indian Mahogany. 

Amoora RoUtuka, W. & A., has large capsular fruits with 
seeds each of which is immersed in a very conspicuous scarlet 
aril. 

Charactersof the Fa7nily— The ovdevmoludies shrubs and 
trees. Leaves are alternate, exstipulate and compound. 
Flowers are regular, hermaphrodite and- in axillary or 
terminal panicles. Calyx is four- ''or five-lobed. Petals are 
four or five, usually free, imbricate or valvate. Stamens are 
five or ten filaments united into a tube ; anthers are 
introrse. Disc is present or absent. Ovary is two- to five- 
celled ; style is simple with a capitate stigma. ' Fruit is a 
capsule, a berry or a drupe. Seeds are winged, or not. 

>/Rhamne^. 


The tree Zizyphm Jujuba, Lamk., is a good type of the 



family. It is a small tree 
widely distributed in this 
•country. 

. ; The tree is generally 
small but branching very 
much. Leaves are alter- 



nate with \ tipular 
shortly stalked and 
simple ; the blade is 
ovate-elliptic, unequal at 
base, three-nerved , finely 
dentate, green above and 
densely hairy below. 


Fis. 366. Zixyphus Jujuba, Lamk. 1, Flowers are in axil- 
leaf ; 2, flower} 3, flower, cut vertically* lary cymes, small and 
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greenish yellow. Tlie calj^x consists of five, free, triangular 
sepals, woolly outside, valvate in bud, keeled on the inner 
face and petals are five, concave, very small. Stamens are 
five, opposite the petals. Ovary is immersed in a 
distinct disc, ; style two-branched. 

The fruit is globose and drupaceous, one- or two-seeded. 

The other species of Zizyphus usually met with in South 
India are Z. CEnopUa, Mill., Z. rugosa, Lamk., and Z. xylo- 
pyrus^ Willd. 

Scutia indica, Brongn., a straggling shrub occurring as 
bushes in all scrub jungles is a member of this family. The 
branches aT*e armed with recurved prickles. 

Ventilago madraspatana, Gsertn., is another scandent 
shrub widely distributed; it is easily recognized by the 
shining leaves with peculiar parallel close-set venation and by 
its winged fruits. 

Characters of the family. — The species of this family are 
trees or shrubs, erect or scandent. Leaves are alternate 
stipule^ or spinescent. Flowers are regular, bisexual, 
small, greenish and in cymes . Calyx has four or five 
triangular, keeled sepals that are valvate in bud. Petals are 
four or five, inserted on the throat of the calyx tube, small, 
concave. Stamens are four or five opposite the petals and 
embraced by them, and are inserted outside the disc 
a,ufhft.rs versatile . Disc is the calyx tube, entire 

or lobed. Ovary is three-celled, immersed in the disc ; style 
erect two- to four-fid. 

Fruit is either a ch*upe or it is winged. Seeds have 
endosperm. 

Most of the species ai-e of the warm regions of the world. 


This family is represented in South India by the genera 
Vitis, Tetrastigma, Ampelocissus, Parthenocissus, Cissus, 
Cayratia and Leea. 

Of the many species of Cissus commoiily met with in this 
country, Cissus guadrangulari.s, L., may be examined as a 
type* , . ■ _ 

Qissus quadrangularis, L,, is a well-known quite com- 
mon climber, conspicuous by its fleshy, square, slightly 
winged stems with deep constrictions and simple tendrils at 
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■the nodes. The axis though straight is a sympode. Leaves 
ai-e alternate with petioles and somewhat ovate conspicuous 
small stipules ; the blade is ovate, sometimes lobed, cordate 
or rounded or cuneate at base. Flowei^s are in cymes that 

are open and loose 
and the inflores- 
cences are usually 
opposite the leaf. 
Flowers are regular, 
small or whitish, 
bisexual and tetra- 
merous. Calyx is 
small, four-toothed. 

^ Petals are four, 

PIG. ^7 Oism L 1 . flower. ^ ^ 

bud ; z, flower-bud, longitudinal section ; 3, . 

flower, without the petals. opposite the 

petals. Disc is 

distinct, f our-lohed. Ovary is two-celled, with two ovules in 
each cell. The fruit is an ovoid berry, red when ripe. 

The species of Leea can easily be recognized by their 
erect shrubby habit, compound leaves and large sheathing 
stipules. 

Characters of the Family . — The members of the family 
are shrubs, mostly climbing by means of tendrils. Leaves 
are alternate, stipulate, simple or compound. Inflorescence is 
cymose. Flowers are regular and bisexual. Calyx is four- 
or five-lobed,' cup-shaped. Petals are four or five, concave, 
valvate in bud, caducous. Stamens are four or five, free or 
united ; but the filaments are opposite to the petals. Disc 
is large, annular. Ovary is two-celled in Vitis and the other 
• genera mentioned above and six-celled in Leea. Fruit is a 
berry. Seeds have endosperm. 


The common balloon-vine, Gardiospermum Halicacahum, 
L., is a member of this family. , It is a tendril climber with 
very wiry stems. Leaves are alternate, exstipulate, twice 
compound, with long petioles ; leaflets are lanceolate, coarsely 
toothed, slightly hairy or glabrous and have acute tips. 

Flowers are small, irregular, polygamous and are arranged 
in umbellate cymes ; the flower stalks are slender hiit the 
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pe.duncle is stiff and erect, witli two. tendrils just below the 
flowers. Tlie calyx consists of four free sepals, the two 
outer being smaller and the two inner larger and thin. There 
are four petals, two large with scales and two small and lower 
with small crested scales ; just opposite the small petals 
there are two glands representing the disc. Stamens are 
eight, eccentric with hairy unequal filaments. The ovary is 
globose, three-celled with a single ovule in each. 

Fruit is a three- valved inflated capsule ; it is pyriform 
and compressed from top, and slightly winged at the corners. 
Seeds are black with a white heart-shaped 'mark or aril (hence 
the generic name Oardiospermum). 



Pig-. 368. Cardmpermnm Hallcacahum^ L. 1, male flower ; 2, bisexual 
flower ; 3, fruit. Note the scales in 1 and the glands in 2. 

Another common species Gardiospermum canescens, 
Wall., may also be examined. It differs from G, Ealica- 
cahum, L., by having larger flowers, larger rounded capjsules. 

Allophylus serratus, Radik., is a shrub very commonly 
met with in low forests and even in scrubby jungles. It is 
easily recognised by the three-foliolate leaves crowding at 
the extremities of branches, and the axillary racemes of 
small flowers, replaced later by small red berries. 

Sapindm emargimtm, YahL, is the Soapnut tree. It is a 
large tree with compound leaves having four to six oblong 
emarginate leaflets and with large panicles of flowers. The 
fruit consists of three distinct fleshy lobes, each separating 
with a single large black seed. ' • ■ ' ■ . 

Do'dofim visGosa, K, is a low shrub with dioecious, or 
polygamous flowers found in dry places, all over the plains, 
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It grows almost into a tree on Mgh hills. The plant is easily 
recognised by the crowded, lanceolate, shining leaves and the 
winged capsules. 

Characters of the Except -the species of Cardio- 

spermum, all the other members of this order are either 
shrubs, or trees. The leaves are mostly exstipulate, and 
usually compound. The flowers are generally small, regular 
or irregular, polygamous or dioecious. There are four or five 
sepals that are valvate or imbricate in bud. We have the 
same number of distinct petals, that are unequal and some- 
times with scales as outgrowths. There is a disc which 
varies in its character. Of stamens there are usually eight, 
but in some species it may vary from five to ten. The inser- 
tion of stamens may be inside the disc or unilateral. The 
ovary is two- or three-celled, one- or two-ovuled. The fruit 
is indehiscent and fleshy or capsular. Seeds are arillate or 
not, but without endosperm. 

The members of this family abound in the tropics and are 
most abundant in America. " 

Anacardiaceji. 

The mango tree, Mangifera indica, L., may be examined 
as a type of this familjL’ It is a tree with a tendency to grow 
tall and large, containing an acrid juice in its branches and 
fruit. Leaves are glabrous and shining, and are crowded 
together at the ends of branches. There are found at the 
extremities of branches terminal scaly buds from .which 
emerge young leaves, which are reddish in colour but 
becoming green later. Leaves are simple, exstipulate, 
alternate and the petioles are short; the blade varies in 
shape from oblong to oblong lanceolate or lanceolate ; the 
margin is entire, but sometimes wavy. 

Flowers are small polygamous and in terminal panicles. 
Sepals are five, somewhat shorter than the petals, concave and 
ovate. There are five oblong petals with three ridges on the 
inner face and the margins reflexed. Disc is prominent 
fleshy and five-lobed. There is a single perfect stamen 
inserted within the disc, the others being small and imperfect ; 
the anther is purple. Ovary is one-celled and one-seeded 
with a lateral style, 
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Fruit is a drupe, varying in size according to the .varieties, 
Seed, sing-le, large with massive cotyledons. 

The family is not a very 
large one and in India the 
following species are fairly 
common. 

The two trees Buchanania 
angustifolia^ Roxb,, and B. 
lat'i folia, Roxb., are fairly 
common in the forests and 
scrubby jungles. They are 
easily recognised by their 
having their panicles shorter 
than the leaves. Further, the 
2 flowers are hermaphrodite and 

possess eight stamens. The 
Fia. 369. Mmigifem indlca, L. drupes are small. 

1, flower; 2, .vertical section The deciduous tree Odim 
Wodier, Roxb., is a well-known 
one'. It can be recognised with 
ease by its smooth bark and by the branches bearing 
unisexual flowers in spikes, at a time when they are bare 
of leaves. Leaves are pinnately compound. 



Pig. .370. Odim Wodier, Roxb. 1*, male flower ; 2, female flower ; 
.3, female flower, lougitudinar section. 

The Cashew-nut tree (Anacardimn. occidentale, L.) is 
widely spread. This tree has a very crooked trunk and the 
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.branches are low lying in sandy tracts. Leaves are large 
rounded at the apex. Flowers are in terminal panicles and 
the pedicels of flowers grow and become fleshy and massive 
bearing the fruit at its end. 

Characters of the Family . — Most of the members of this 
family are trees with acrid juice. Leaves are alternate and 
exstipulate. Flowers are small, regular, polygamous, uni' 
sexual or bisexual and are in panicles. Sepals and petals 
are free and four to five in number. Stamens are same in 
number as the petals, or twice and are inserted inside a 
conspicuous disc. Ovary is superior, one-cell ed and one- 
ovuled. Fruit is a drupe. Seeds are large and without 
endosperm. 


This family being a large one it is necessary to select as 


types three or four plants. 



Fig. 371. Tephrosia hirta, Ham. 
1, floral branch ; 2, flower; 
3, petals; 4; stamens and the 
pistil; 5, fruit and seed. 


The plant ' Orotalaria 
verrucosa, L., is a copiously 
branching shrub with quad- 
rangular stems. Leaves are 
alternate, simple with well 
developed, green, semilunar 
stipules' ; the blade is large, 
broadly ovate, with entire but 
wavy margins and prominent 
veins. Flowers are large and 
are in racemes that are leaf- 
opposed. The bract is narrow, 
acuminate and shorter than 
the pedicel. The calyx is- 
finely hairy outside with five 
triangular, acuminate teeth. 
The corolla is papilionaceous, 
and blue in colour ; standard 
is somewhat orbicular in 
shape : the wings are shorter 
than the standard and the 
keel-petals which are equal to 
the wings in length are 
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completely united and are prolonged into a sharp curved beak. 
The stamens are ten, monadelphous with dimorphous anthers. 
Ovary is monocarpellary, one-celled and many-ovuled ; style 
is long with a minute stigma. 

Fruit is a turgid, straight, sessile legume with ten or 
twelve seeds. 

Other species of Orotalaria that are of common occurrence 
are 0. retusa, L., G. Uflora, L., G. juncea, L., and G. rnedi- 
caginea, Lamk. 

Tephrosia purpurea, Pers., and T, Mrta, Ham. are found 
everywhere in South India. The flowers are in racemes and 
the corolla is papilionaceous and pink in colour. Stamens 
are diadelphous and the legume is flat and curved. 



Fig. 372. hdigofera etineaphylla, L- 1, branch ; 2, flower ; 3, petals j 
4, stamens ; 5, pistil ; 6, fruit ; 7, seed. 


Several species of Indigof era besides the cultivated indigo 
plant are met with. Indigofera enneaphylla, L., is a prostrate 
herb found in all waste places and amidst pastures. It has 
small compound leaves and small bright, deep pink flowers. J. 
trita, L., is an erect plant frequently met with in all situations. 
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The genus Indigof era is easily recognised by the hairs that 
are fixed by the centre, the keel-petals spurred on both 
side^, and the diadelphous stamens. 

The species of Leguminosae that have a papilionaceous 



DO. 


corolla form a distinct sub- 
order Papilionaceae. There are 
many genera and species of 
this sub-order growing in 
South India in a wild state. 
The following are a few of 
them ; Seshania mgyptiaca, 
Pers., ' Ahrus precatorius, L., 
Teramnus lahialis, Spreng., 
Glitoria Ternatea, L., JRhyn-' 
chosia minima,. DO., Des- 
medium tridoruin, DC., .D. 
Uarticulatum, Benth., Ponga- 
mia glahra, Yent., Zornia 
diphylla, Pers., and Alysu 
carpus monilifer, DC.. Besides 
these many species such as, 
Seshania grttndifipra,' Pers., 
Dolichos Lahlal, L., Oanavalia 
ensiformis, DO., Phaseolus 
Mungo, L., Vigna Gatiang, 
Endl., Cicer arietifium, L., 
Gajanus indicus, Spreng., and 
several others are under culti- 
vation. 

Cassia auriculdta, L., or 
Cassia siamea, Lam., may be 
examined as a type of the next 


sub-order Caesalpineae. The former is a shrub and the latter 
a tree. The leaves are compound in both and the leaflets are 
oblong. * The stipules are large and semilunar in G. auricu- 
lata and they are small and caducous in (7. siemm. Flowers 
are in racemes, and corymbose, but simple in the first and 
compound in the second. The calyx consists of five, free, 
petaloid sepals unequal, concave and quincuncially imbricate. 
There are five yellow petals with long claws, and they are 
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imbricate in bud with the upper petal innermost. Stamens 
are ten, some only perfect, and three being barren ; anthers 



Pia. 374. Phaseolus trilohus, Ait. 

open by apical; pores. The ovary is monocarp ellary and one- 
celled with many ovules. 

Fruit is a 'thin, flat legume dehiscing by both- sutures. 
Seeds without endosperm. * . ; 

Oama Fistula, L., is a tree very conspicuous in the hot 
w^fttfler. on a«^ount of the abundant drooping racemes of 
brigit yellow flowers and long black cylindrical fruits. 
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Pift. 375. Vigna Catmig, En'dl. 1, Petals ; 2, fruit ; 3, stamens ; 
4, calyx ; 5, pistil 


The garden plant Ccesalpinia pulcherrima, L. (the 
Peacock flower) belongs to this sub-order. It is a low, very 



Pig. 376. PhaseohsMungo^h. 1, Inflorescence ; 2, petals; 


3, stamens ; 4, calyx and pistil ; 5, fruit ; 6, seed. 
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much branching tree with large terminal racemes of yellow 
or red flowers. The petals and sepals are very much as in 
Cassia, but the claws of the petals are more marked and all 
the ten stamens are fertile. The filaments are fine and very 
long, sometimes hairy at the base. 



Fig. 377. Cassia Fistula, L. 1, leaves ; 2, inflorescence ; 

3, flower ; 4, 5, 6, stamens ; 7, fruit. 

The tamarind tree, TmnarMus indica, L., is anothei* 
example of this order. It is a large tree with compound 
leaves whose leaflets are sensitive to a certain extent to light. 
The flowers are in racemes, and they have both bracts and 
bracteoles. The calyx is somewhat elongated at the base in 
the form of a tube and has four segments only. There are 
only three petals with red veins, and three stamens. The 
fruit is a legume with a fleshy mesocarp. 

The genus Bauhinia is easily recognised by the two-lobed 
or cleft leaves and by the spathaceous calyx. 

As examples for the sub-order Mimoseae the Babul, 
Acacia arahica, Willd., or any other species of Acacia may 
be examined. 
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The Babul or Acacia arahica, Willd., is a small tree with 
numerous branches bearing stipular spines. Leaves are 
alternate, stipulate, with glands on the rachis, bi pinnate ; 



FiGt. 378. Tamarindus indica, L. 1, branch ; *2, floral parts ; 

3, fruit ; 4, seed. 

leaflets are small. (See fig. 171.) Flowers are grouped in 
heads that are fascicled in the axils of leaves. There are 
two bracteoles. The calyx is bell-shaped with five very 
short teeth. Corolla is tubular, yellow with triangular lobes. 
Stamens are indefinite, very much exserted. Ovary is 
one-celled with many ovules. 

Fruit is a stalked, compressed legume covered with soft 
white^ hairs and indented on both sides between the seeds 
and hence moniliform. . . . 
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Acacia leucopMaea, Willd., differs from tlie Babul in 
haying white flowers and pods not constricted. The yellow 

flower heads of A. 
Farnesiana, Willd., 
are very fragrant, 
but the turgid cylin- 
drical legumes have 
an offensive smell. 
Acacia concinna 
DC., ‘ is a huge 
climber whose fruits 
are largely used as 
soap. The* very 
much branched 
shrub DicJirostachys 
cinerea, W. & A,, 
with its very pretty 
spikes of rad and 
yellow flowers 
forms a ■ special 
feature in some 
scrubby jungles. 

_ Another tall tree, 

’ quite conspicuous 
by its flat broad and 
thin fruits and white globose flower heads, is AlUzzia LeUbek., 
The plant largely used for hedges, PUhecoloUmi dulce, 
Benth., possesses legumes 
circinately twisted and 
seeds with massive arils. 

Characters of the 
Family. — The members of 
this order are extremely 
varied in their habit. 

They are herbs, shrubs, 
climbers and trees. Leaves 
are simple or compound, 
alternate, usually stipulate. meMmraduloeM^i\. 

Flowers, regular or irregu- i, branch ; 2, 3, flower-head ; 4, 
ar and bisexual Sepals flower. 



Fig 379. Acacia ar ah lea, WiM. 1, branch ; 
2, flower head ; 3, 4, flowers ; 5, fruit. 
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are five, free or united. Petals are five, free. Stamens are 
ten or indefinite, free or united dn various ways. Ovary is 
monocarpellary, one-celled and many-ovuled. Fruit is a 
legume. 

S. order (1) — PapUionacece, — Flowers, papilionaceous, 
tlie standard being the outermost in the flower bud. The 
stamens are either monadelphous or diadelphous. 

S. order (2) — CcBsalxnnece . — Flowers are regular but the 
petals are usually clawed and the ' uppermost one is the 
innermost in the flower bud. Stamens' are ten, all or only a 
few fertile and are much exserted ; filaments are always 
free. 

S. order — Flowers are usually small, 

collected together in heads or spikes, bisexual, but also with 
male and barren flowers in the same head or spike in some 
genera. Sepals and petals are valvate in bud. Stamens are 
definite or indefinite, exserted and free. 

The most marked feature of this order is undoubtedly 
the fruit, which is a legume in most cases. But there is a 
large amount of variation in the structure of the fruit. 'We 
have dehiscent, as well as indehiscent dry fruits ; the 
pericarp is also pulpy in some cases and in others the fruit 
becomes very turgid and cylindrical ; there are also winged 
fruits that are really samaras. In spite of all these variations, 
they are all monocarpellary. 

This family besides being the second largest order 
containing over 6,000 species, comprises more useful plants 
than any other order, except probably Gramineae. ■ 

COMBRETACEJ3. 

The tree Terminalia Arjuna, W. & A., is a good example 
of this family. This is a Targe tree with smooth greenish 
white bark, peeling off in large pieces. Leaves are alternate 
and subopposite, simple and exstipulate, oblong to elliptic 
oblong, with short petioles. There are alsb two glands at 
the base of the leaf close to .the petiole, one on each side: 

. Flowers are in spikes, with short bracteoles. The calyx 
is campanulate with five triangular teeth. Petals are absent. 
Stamens are ten aiid inserted on the disk clothed with hairs. 
Ovary inferior, one-celled with two or three pendulous ovules 
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Fruit is a fibrous- woody drupe with, five hard projecting 
wings. Seed single and without endosperm. 

Instead of this 
species, Terminalia 
Oatappa, L., and 
T, C 
may 


scandent shrub 
found everywhere 
on the West Coast 
and it is easily 
recognised by its 
small ellipsoidal 
crowned by 
the persistent calyx. 
When the. stem is 
cut during hot 
Fig. 381, Terminalia Arjuna, W, <§: A. weather large quan- 
1, flower bearing branch ; 2, flower ; 3, longi- -^vater flow 

tudinal section of a flower.' 

Gyrocarpus-Jaequini, Roxb. {G, mnericanus, Jacq.) is a 
deciduous tree and is very conspicuous- during the hot 
weather on account of the fruits with two large wings (Calyx 
segments). (See fig. 309.) . , 

Characters of the Family. — ^This order is a very well 
defined one with only a few species. They are either trees, 
or scandent or erect shrubs. Leaves are alternate or opposite, 
simple, exstipulate and the petioles often bearing glands at 
the top. Flowers are in spikes and are small without petals. 
Calyx four to five fid. Stamens are free, equal or double the 
calyx lobes. Ovary is inferior, one-celled with two or more 
pendulous ovules. ’ Fruit is usually dry and indehiscent, in 
some drupaceous and winged. Seed single, without endo- 
sperm, cotyledons convolute. 

i Myrtaceae. 

The evergreen tree Syzygium Jamholanum., DC., is a 
suitable type for this order. It is a large tree with coriaceous 
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shining leaves that are opposite, exstipnlate, gland dotted and 
petioled. The leaf blade is elliptic or oblong with an intra- 
m arginal vein . Flowers are small in panicled cvmes . usually 
fragrant and white. The calyx is short with four lobes. 
Petals are four, falling away in one piece, though free. 
Stamens are i mlefinite and the filaments are all folded 
inwards in the bud ; anthers are y ^y-si^tile . The ovary is 
or. two-ce with many ovules in each cell. Fruit 
is a dark purple ellipsoidal or globose berry, with a single 
seed. 

The Guava tree (Fsidum Guyava, L.) may be selected as 
a type if species of Syzygium are not available. The leaves of 

this plant are oppo- 
site, oblong with 
very prominent 
veins. Flowers are 
large, solitary or 
in simple cymes. 
Fruit is an inferior 
berry with persist- 
ent calyx lobes' at 
the top. 

Many species of 
Syzygium are met 
with in the forests 
of South India. 
One of the common- 
est trees U.- found 
scattered, here and 
there in the forests 
both on the East 
Coast and West 
Fig. 382. PsicUum Guyma, L. Coast is CcLreya 

arhorea, Eoxb. It 

is a very striking one on account of its large obovate leaves 
collected at the ends of branches, large flowers and big green 
berries. 

Characters of the The* members - of this family 

are mostly trees though there are one or two shrubby species 
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The leaves are opposite, simple, exstipulate, entire, gland 
dotted with an intra-marginal nerve. Flowers are regular 
bisexual, solitary, in cymes, or cymose panicles. The calyx 
is superior, with four or five teeth. Petals are four or five, 
free, inserted at the margin of the disk, falling away in one 
piece. Stamens are numerous, filaments long and conspi- 
cuously coloured and folded down in the bud. Ovary is 
inferior, two-celled with one or many ovules. 

Fruit is a berry with the calyx limb on its top, one-celled, 
one-seeded or with many seeds imbedded in pulp. 

• CUGURBITACB^. 

The pretty common creeper of the hedges, Coccinea 
indica, W. & A., is a good example of this order. The plant 
climbs by means of simple tendrils and the stem is thin and 
grooved. The leaves are alternate, exstipulate, simple and 
petiolate ; the blade is palmately five-lobeci and the depth of 
lobing varies very much from being very deep to mere 
angles, and there are five veins at the cordate base, sometimes 
with glands between the nerves. Flowers are dioecious. 
Both male and female flowers are axillary and solitary. The 
calyx is narrow, bell-shaped and has five long teeth, and the 
corolla is campanulate, white and five-lobed. The corolla 
and the calyx are similar in both the kinds of flowers. 
Stamens are Ihrfee with the filaments forming a column. 
The anthers of two stamens are complete but that of one is 
half and they are all united. The anther lobes are long and 
sinuously folded. The ovary is inferior, narrowly fusiform, 
glabrous, one-celled with three parietal placentas, ovules 
many. There are three bifid stigmas. 

The fruit is a berry, ellipsoidal or oblong with white 
stripes or not, beautiful scarlet in colour when fully ripe. 
Seeds are obovoid. 

, Any of the cultivated species of the genus Cucurbita may 
also be examined. These are all large climbers with hairy 
stems and large leaves, and the tendrils are usually three" or 
four-fid. Flowers are very large, yellow and monoecious. 
The calyx, corolla and the stamens are all like those ’ of 
Cephalandra, Sut are larger. Fruit is a large berry with 
parietal placentas (Pepo). 
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Many of the members of this family are cultivated. All 
the Gourds, Cucumbers and Melons belong to this family. 
The plants, Gucumispiihescens, Willd., and C. trigonus, Roxb., 
occur in a wild state and they differ from Coccinea and 
Oucurbita in having their connectives produced beyond the 
anther lobes forming a kind of crest. TricliosantMs anguina, 
L., or the Snake gourd has fimbriate petals and the Bitter 
gourd, Momordioa Gharantki, L., is easily recognised by its 



Fig. Kh CumrhiM 7)ioHckata,'Dvi(ih.. 1, branch ; 2, female 
aiitl 3, male flower. 

jshy tubercled fruits. Cltrullus GolocyntJvis, Schrad., is 
found in all waste places and is conspicuous by its palmately 
deeply lobed leaves and by the intensely bitter globose fruits 
with white streaks. Blastania Garcini, Cogn., with its 
pretty tiny scarlet fruits, and large stipule-like bracts and 
Melothria madera^patana, Cogn., with its round bright red 
berries are occasionally met with, all over South India. 

Gharacters of the Family.— Thm is a very well defined 
order, consisting mostly of climbers with hollow stems and 
simple or branched tendrils. Leaves are simple, alternate, 
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exstipiilate, cordate at base, entire or palmately lobed and 
with coarse hairs. Flowers yellow or white, monoecious or 
dicEcious, solitary or racemed. The calyx tube is adnate to 
the ovary and so the calyx lobes are superior. The sepals and 
petals are five in number. Petals are united, rarely free. 



FlU. 384. TnchomntheBanrjuina, L. The left hand figure is a branch 
with female flowers and the right hand one is an inflorescence 
of male flowers, 


Stamens are three attached to the calyx tube ; anthers free or 
cohering, lobes conduplicate or flexuose, and the connective 
produced beyond the apex of the anther or not. Ovary is 
inferior, three carpellary, but one or three-celled with three 
parietal placentas. Fruit is a berry with a hard rind. Seeds 
many and usually flat. 

AIZOACBtE. 

Thisis a small order represented by a few genera. The 
most troublesome weeds Trianthema Portulacastrum, L., 
and T, decandra, L., are plants of this order. Both are herbs 
with prostrate branches springing from a stout root. The 
leaves are petiolate, opposite, unequal and entire ; in the 
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former it is round or obovate with petioles somewhat dilated 
and membranous at the base and that of the smaller leaf 
forms a pouch in which the flowers are situated ; in the 
latter the leaves are elliptic-oblong and the petioles are 
dilated and amplexicaul at base, but do not form pouches 
enclosing flowers and fruits. 



FiO. 385. TfiantTiema Portulacastruni, L. 1, brcanch} 2, flower j 3, 
stamens ; 4, pistil ; 5, fruit ; 6, vertical section of fruit ; 7, seed $ 
8, leaf pouch opened to show the position of fruit. 

Flowers are solitary, sessile and within the petiolar pouch 
in T. Portulacastrum, but they are in axillary dichasiums in 
T. decandra. Calyx consists of five deep lobes bearing a short 
process at the apex and coloured light pink within. Petals are 
not present. There are ten to twenty stamens in T, Portula- 
ca$trum and ten stamens only in T. decandra. Ovary is free, 
superior, sessile and truncate. Style is single in T. Portula- 
castrum and two in T. decandra. Fruit is a capsule, mem- 
branous below, and hardened into a cap above, which gets 
detached by circumcissile dehiscence. Seeds are three to 
five, black, renif orm or orbicular, striate or muricated, 
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Tricmtliema thqwtra, RottL, is also fairly common in 
open waste places. It is a small much branched herb, with 
prostrate branches and woody root-stock. 

Many species of Mollugo are also met witlr as weeds 
everywhere. MoUugo lotoides, 0. Kze., is extremely common 
in clayey soil and tank beds, and this plant can easily be 
recognised from its densely stellately hairy leaves, and the 
seeds are appendaged with a small scale and a filiform process. 
MoUugo Cerviana^ Ser., is very conspicuous on account of its 
■numerous filiform branches and narrow leaves in whorls. 



Fig. 386. Trkmtliem tnqmtra, Rottl. 1, branch ; 2, flower ; 3, anther, 
froiit'; 4,;arLther, back; 5, fruit; 6, friiit cut iPugitudinally ; 
7, seed. 


ChameUrs of tJw Family —Ml the plants of the family are 
herbs, annual dr' perennial. Leaves are simple,' fleshy, 
opposite, alternate or falsely whorled. Flowers solitary or 
cymose, bisexual and without petals. Calyx is five-lobed. 
Stamens are definite or indefinite. Ovary is superior, two to 
fiye-celled, Fruit is a capsule witli circunacissile or dorsal' 
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dehiscence. Seeds, small, reniform, compressed, with 
endosperm. 



FiO. 387. MoUugo lotoides, 0. Kze. 1, branch j 2, flower ; 3, stamens ; 
4, staminode ; 5, pistil j 6, fruit cut across ; 7, fruit cut verti- 
cally j 8, seed with appendage* 

J Umbellieerjj 

This family contains several species of plants of some 



Fig. 388, Ce7it6lla 'asiatica,VThm. 

economic importances As examples of this family we may 
ohoose Gentella asiaticw, TJxhm, and Goriandrum mtivum, L. 
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■ The species Gentella asmtica is a weed occurring in moist 
situations. It is a herb with prostrate trailing stems, rooting 
at the nodes. The leaYes are alternate, exstipiilate, orbicular 
or reniform, entire or crenate, palmately nerved and cordate 
at the base, with long petioles. 

Flowers are small, sessile, in simple 3 to 6 flowered 
umbels ; bracts are small ovate and embracing the flowers. 
The calyx is truncate with five minute teeth. Petals are 
reddish, five, epigynous. Stamens are five, epigynous, 
alternating with the petals. Disk is elliptic. Ovary is 
inferior, 2-celled and with one pendulous ovule in each cell. 
Fruit is laterally compressed and breaks into two mericarps 
With 7 to 9 ridges with reticulations between. 

The coriander plant is largely cultivated. It is a much 
branched glabrous herb with decompound leaves. The 

segments of the lower 
leaves . are ovate or 
lanceolate and those of 
the upper are linear. 
The petioles have sheaths 
at .the base. . ■ , ; 

Flowers are in com- 
pound umbels and the 
outer flowers are more 
conspicuous as they have 
larger petals ; bracteoles 
are filiform. There are 
five, small, unequal calyx 
teeth. Petals are 
white or white 
tinged with red, unequal, 
emarginate or deeply 
bifid, with a slight median fold or not, epigynous. Stamens 
are five, alternating with the petals and epigynous. The fruit 
is subglobose with ridges and faint oil canals or vittEe, breaking 
into two mericarps ; the mericarp is concave bn the inner 
face and has one penduous seed. 

Umbelliferae contain several species of economic import- 
ance. The species Garwmcopticum^^mih. and Hook, which 
yields thymol, and the plant Cwninum ctjminum, L., whose 



Fig. 389, 
1 , 


Gentella aaiafica, 
Inflorescence ; 2, 


Urban, 
flower ; 


3, fruit ; 4, disc. 
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fruits are used as a condiment belong to this family. The 
strong-smelling gum-resin asafoetida is obtained from a 
species of this family, Narthex anafcetida, and from others 
belonging to the genus Ferula and its allies, also of this family. 



Pig, 391. Coriamlrum mtimm, L. 

Pig. 390. Corlandnm P«^al ; 3, ovary ; 

sativum, L. 4, section of ovary; 5,frmtj 6, 

seed ; 7, mature fruit'; 8, mericarps. 

y •’i. ' ■ 

Characters of the Family , — The plants of this family are 
mostly herbs with alternate simple or compound leaves, 
having petioles dilated at the base. Flowers are bisexual and 
in umbels, simple or compound, calyx is reduced to five 
minute teeth. The corolla is epigynous consisting of five 
free petals, inserted outside an epigynous disk, caducous. 
Stamens are five, epigynous, alternating with the petals and 
with filaments indexed in bud. Ovary is inferior, 2-celled 
and with one pendulous ovule in each. , Fruit is dry, 
breaking into two mericarps. Seeds are with endosperm. 

EUBIACE,® 

. In Morinda timtoria, Roxb,, we have a good example of 
this order. It is a small tree with thick vrhite irregularly 



372 


MANUAL OF ELEMENTARY BOTANY 


furrowed bark and crooked branches and young branches 
triquetrous. Leaves are opposite, simple, shortly petioled 
with connate inter petiolar stinules ; the leaf blade is glabrous, 
elliptic or elliptic oblong, with entire margin and an acute or 
subacuminate apex. 

Flowers are white and are collected together in heads borne 
by lon^ peduncles th.at , are„l£a .f-,Q,ppnsad. The of all 

the flowers are f used together, only a small portion at the top 
being free. The corolla is superior, tubular with five lobes. 
Stamens are five, epipetalous and included . 



Fig. 392. Morinda tinctoria, Boxb. 1, node ; 2, corolla ; 

3, fruit} 4, style. 

The fruit is globose, fleshy and it consists of the fused 
enlarged calyces of all the flowers, with many one-seeded 
drupelets or pyrenes. Seeds have ej^dosperm. The styles 
are long in some and short in others. 

Oldenlandia umhellata, L., is a common herb of this family 
which may be examined next. This is' an annual with 
numerous branches and linear, sessile; opposite leaves. The 
interpetiolar stipules are cut into bristles. Flowers are borne 
by long axillary peduncles, as cymose umbels. Flowers are 
tetramerous and the ovary is inferior, two-celled, with 
numerous ovules. Fruit is a globose capsule with persistent 
distinct calyx teeth on its top. Seeds are small and many. 

Other species of common occurrence are the following 
Oldenlandia panieulata, L.i O.aspera, DC., 0. Heynei, Br., 
Bandia dumetorum. Lamk., CantUum parviflormi^ Lamk., 
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and Spermacoce Msptda, L. Bandiadmnetorum, Lamk., lias 
large white flowers on short branches and it is a shrub armed 
with decussate spine's and has large ovoid or ellipsoid fruits. 
CantMum parviflorum, Lamk., is a low shrub with sharp 
axillary spines, met with everywhere in scrubby jungles and 

waste places. 
Flowers of this 
plant are green- 
ish white and 
the fruit is a di- 
dymous orange- 
yellow drupe. 
One of the 
most widely 
distributed 
weeds of the 
cultivated land 
is Spermacoce 
hispida, L. It is 



Fig. 393. 0lde7Llandia pankulata.L, 1, branch; ^ prostrate herb 
2, node ; 3, corolla; 4, top view of fruit ; 5, roughly 

fruit cut across. , . , 

hairy quadran- 
gular stems and flowers are clustered at the nodes within 
the stipular cup. The fruit is a hairy capsule with two dark 
brown plano-convex seeds. 

Characters of the Family.. — This is a tropical family and it 
has many species (about 4,000). The plants of this order 
consist of trees, shrubs and herbs, and vary very much in 
their habit. Leaves are opposite or whorled, simple with inter- 
netiolar stipules. Flowers are regular, tetra- or penta-merous 
with an inferior two to ten-celled ovary. Fruit may be a 
berry, capsule or a drupe. Plants of this family are easily 
recognized by the interpetiolar stipules, opposite leaves and 
the inferior ovary. 

‘ Composite 


The common weed Tridax procumle^is^ L., introduced 
into India from South America is widely distributed and so 
it may be selected as a representative of this large family. 
This plant is a perennial herb with hairy straggling 
branches, some of them ending in heads . Leaves are opposite. 
simple, ovate or ovate-lanceolate with irregularly toothed 
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margins and an acute apex, and is coyered with scattered hairs 
on both sides. Heads are f ^olit^rv-on- long peduncles, hetero - 
gamous and raved . The receptacle- is hat or convex and it is 
paleate. The outer involucral bracts are hairy outside and 



Fig. 894, Triclax -proGmibens^lu. A, branch. ; B, stamens with 
syngenesious anthers. 

shorter than the inner membranous ones. The ray flowers 
are all female with light yellow, or cream- white Hgulate 
corollas that are deeply three partite. The disc flowers are 
and tubular. The calyx is represented by a 
pappus which consists of feathery bristles. The corolla is 
bell-shaped and five-lobed. Stamens are five, epipetalous aiid 
tlie anthers are syngenesious. pprittate with “ short acute 
auricles ” at the .base of the lobes. \ Ovary is inferior, one- 
celled and one-ovuled and style arms of the tubular" flowers 
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are hairy only on the inner and upper surface. ■ Fruit is an 
oblong achene, silkily hairy and crowned by the persistent 
feathery bristles of the pappus. 

Vma auricnlata, Cass., is another common herb of very 
wide distribution. This is an erect rigid herb with numerous 
ascending slender branches. Leaves are sessile, oblong or 
o])long-lanceolate, dilated and auricled at base and hairy on 
both sides. Heads are heterogamous, rayed and pn long 
pedun cles. Involucral bracts are many-seriate, slender, linear, 
membranous, the outer being shorter. The receptacle is flat, 
epaleate. Corollas of the ray flowers are ligiilate ligiile 
yellow, long, three-toothed at the- free- end, and that of the 
disc flowers are tubular. Antliersaresyngenesioiis and bear 
tails at the base of the lobes. Achenes are small, covered with 
scattered hairs and have pappus hairs (no pappus hairs in the 
achenes of ligulate florets). 

Vernonia cinerea, Less., is another herb of very wide 
distribution. The leaves of this plant are very variable in 
shape and hairiness. Heads are liomogamous, small and are 
in' lax terminal corymbs. All the flowers in a head are 
tubular and the involucre bracts are in many series, linear 
lanceolate, awned. Corolla of the tubular flowers is pink. 
The achenes are clothed with short white hairs and have two 
rows of pappus hairs. 

Many species of Blumea are also found Avidely distributed 
in South India. B. amplectens, DC., B. hifoliata, DC., and 
B, Wightiana, DC., are quite common. The flower-heads in 
Blumea are heterogamous, anthers have tailed bases and 
the pappus is one-seriate. In Avet situations EcUpta alhUy 
Hassk., is sure to be found. The heads in this plant are 
heterogamous and the achenes of the disc are all thick and 
they are covered with some kind of excrescences. 

Lackwa Heyneana, DC , is a troublesome Aveed of the 
waste places and it is easily recognized by the pinnatifid 
radical leaves, and the numerous erect, branches terminating 
ill long cylindrical narrow heads which consist of all ligulate 
flowers. Another weed, a native of America, now found in 
South India is Lagascea 7nolUs, Cav. It is, a slender, softly 
hairy herb, gregarious in habit, and the heads, are coinpound 
consisting of clusters of small heads. .Flowers are all tubular. 
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Xantliium strumarium, L., is another troublesome plant 
growing in beds of tanks and paddy fields when they lie 
fallow. Flowers are: monoecious. The heads are either of 
hermaphrodite fiowers (then they are sterile) or of female 
flowers which are always fertile. The female head consists 
of two flowers. The fruit is two-beaked and it consists of 
two achenes completely within the involucral bracts grown 
and covered with prickles. 

Characters of the Family— Thk family embraces over 
9,000 species and is one of the largest among the flowering 
plants, and it is widely distributed tliroughout the world. 

All the members of this family are herbs and shrubs, 
with usually exstipulate, alternate (rarely opposite) leaves. 
Flowers small, sessile on the dilated end of the peduncle and 
enclosed by bracts (involucres). The heads may consist of 
all tubular bisexual flowers, or the ray flowers may be ligulate 
and female or neuter, and the disc flowers tubular. Calyx 
tube is adnate to the ovary and the upper free portion is 
either absent or it consists of pappus hairs or bristles. The 
corolla is epigynous, ligulate in ray and tubular in disc 
flowers. The tubular corolla is bell-shaped, five-lobed and 
lobes have marginal veins. Stamens are five, epipetalous, 
with syngenesious anthers and free filaments,"' anther lobes 
may be tailed or' not at the base and the connective is usually 
produced upwards. The ovary is inferior, one-celled and 
one-ovuled. Fruit is an achene crowned by the pappus. 
Seed is erect and without endosperm. 

The plants of this order are widespread and they are 
very aggressive and successful in occupying the land. The 
compact head, the easy accessibility of the honey to many 
kinds of insects and the pappus bearing achenes account for 
this. / ~ 

7 Sapotacbae 

Bassia longifolia^ L., will serve as a type for this family. 
It is a large tree abounding in milky juice and the leaves are 
clustered near the ends of branches. Leaves are simple, 
alternate, stipulate, with linear-lanceolate, entire, acute, 
glabrous blades. 

Flowers are clustered like the leaves at the ends of 
branches. The calyx consists of four sepals in two whorls, the 
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outer two enclosing the two inner. Corolla is fleshy and six 
to twelve-lobed, campanulate, Stamens are epipetalous, six- 
teen to twenty in two rows one above the other ; anthers are 
lanceolate with connectives produced above. Ovary is densely 
clothed with fine hairs and six or more-celled. Style is long. 

Fruit is a berry, somewhat round or oblong with one or 
two seeds. Seeds have brown polished testa and endosperm. 

Two species of Mimusops are fairly common ; M. Mengiy 
L., is grown as an ornamental tree and M. hemndra, Roxb., 
is found growing wild in all scrubby jungles and low hills. 
The flowers of Mimusops have staminodes -and the calyx 
consists of six or eight lobes. 



Fig.* 395. Bama longifolia. It. 1, branch; 2, flower bud; 3, open 
flower j 4, corolla and stamens ; 6, anthers ; 6, pistil. 


Bassia malabarica, Bedd., is very common on the West 
Coast, and differs from the other Bassia in having a corolla 
hairy both in and out, a glabrous ovary, and lanceolate fruit 
which is glabrous. 

Characters of the Family . — ^All the members of this family 
are trees, abounding in milky juice. Leaves are thick, and 
clustered near the ends of branches. They are sitople, 
alternate, and usually exstipulate (if stipulate, stipules are 
small and they fall away very soon). Flowers are small, 
regular, bisexual, axillary and crowded at the ends of 
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branches. The calyx is four to eight-lobed and the corolla 
is monopetalous with twice or four times the number of calyx 
segments. Stamens vary in number from twelve or sixteen 
to forty, one, two, or three-seriate ; staminodes are present 
in some genera. Ovary is superior, two to eight-celled, but 
with solitary ovules in each. Fruit is a berry with one to 
eight seeds. Seeds are ellipsoidal, usually with a polished 
testa and a long hilum and without endosperm. 

Apocynaceji 

The widely distributed spiny ever-green Carissa spi- 
narum, L., will serve as a type. It is a low spreading shrub 
a])ounding in milky juice and with zigzag branches branching 
in a cymose manner and bearing bifurcating sharp spines. 
The leaves are opposite, exstipulate, short petioled, oblong or 
oblong-elliptic, coriaceous and glabrous (though sometimes 
slightly hairy). 



Flowers are white and in simple' cymes or clusters of 
corymbose cymes. The calyx consists of five very narrow 
lobes. The corolla is hypocrateriform, with five lanceolate 
acuminate lobes, twisted to the right in the bud. There are 
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five epipetaloiis stamens with very short filaments. Ovary is 
two-celled with two ovules in each cell. 

Fruit is a berry with four seeds, dark ]3urple when ripe. 

Vinca rosea, L., is a garden plant grown everywhere and 
it difi:ers from the above in some respects. Flowers arise in 
pairs from the axils of leaves and the corolla is hypocrateri- 
form, white or pink in colour. Calj^x consists of five very 
narrow lanceolate lobes. The corolla tube is slightly swollen 
at the throat just below the attachment of the limbs. Sta- 
mens are five, inserted on the tube just in the dilated portion 
of the tube. Filaments are very short and the anthers just 
lying close to the stigma, but free from it. Ovary consists of 
two free carpels and there are two glands alternating with the 
carpels; style is long, filiform but the stigma is large, drum 
shaped, or hour glass shaped, with a hyaline frill at the base 
all round. The fruit consists of two follicles with small 
rugose black seeds. 

Vinca pusUla is a weed resembling Vinca rosea very 
much in all its parts, but only smaller. 

WrigJifJa tinctorla, Br., is a small deciduous tree with 
milky juice. Flowers are white and in terminal diffuse 
dichotomous cymes. The corolla has fimbriate scales and 
five sagittate anthers united so as to form a column adhering 
to the stigma. The fruit consists of two follicles' having 
linear hairy comose seeds. 

Neriumodonim, Soland., is another shrub very commonly 
grown for its flo^vers. Leaves ai*e in whorls of three, lanceo- 
late and the flowers are pink, and in terminal panicles or 
irregular dichotomous cymes. Both the corolla and the 
connective have appendages. Fruit consists of two follicles 
and seeds are hairy and comose. 

Gharactsrs of the Family. — The members of this family 
are trees, shrubs (erect, or climbing) and herbs. They usu- 
ally contain a milky juice. ’ Leaves are simple opposite or 
whorled and entire. Flowers are regular, bisexual and in 
cymes. The calyx is deeply five-toothed and the lobes are 
imbricate in bud. Corolla is tubular*, rotate or hypocrateri- 
form, five-lobed and lobes twisted. Stamens are five, 
epipetalous, with very short filaments ; anthers are usually 
sagittate. Ovary is usually two-celled, united or separated 
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into carpels. Fruit is a berry or a follicle. Seeds are with 
coma or wing, or without these. 

Asclepiadbje 

Oalotropis gigantea, R. Br., is a member of this order. 
This plant is a shrub found all over the country, and abounds 
in milky juice. The whole plant is covered with appressed 
white cottony tomentum, which can easily be rubbed off. 
Leaves are large, opposite, exstipulate, sessile or very shortly 
petioled, elliptic-oblong to obovate-oblong, thick, entire and 
the base narrow or cordate. 



Fig. 397. Calotropis gigmtea, B, Br. 1, flower budj 
2, flower j 3, pistil ; 4, anther j 5, pollinium. 

Flowers are large purple or bluish pink and arranged in 
lateral umbels ; pedicel is fine and covered with cottony wool. 
The calyx is five-partite, and the segments are short and 
triangular. The corolla is rotate, five-lobed ; lobes are broadly 
triangular, acute and valvate in bud. The stamens are united 
so as to form a column and this column has five coronas in 
the form of laterally compressed thick plates ; anthers are 
broad, membranous, united with the pentagonal stigma. 
Pollen is massed together as pollen masses, and each 
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anther-cell has a single pendulous polliniiim. The ovary is 
two-celled, carpels are free with free styles, hut with a large 
single pentagonal stigma. 

The fruit consists of a single large follicle (vfery rarely 
two) containing comose flat seeds. 

Some of the members of this family are met with in 
thickets and hedges as twiners. For instance Baemi a externa, 
Br., is a frequently seen twiner with flowers having both 
corolline and staminal coronas, and follicles covered with 
soft spines. Leptadenia reticulata, W. & A., is another coarse 
climber with clear or slightly yellow acrid juice, and opposite, 
glabrous, coriaceous leaves. The flowers have both corolline 
and staminal coronas, and the petals have a small hairy 
process at their tips on the inner face. 

The genus Ceropegia is a very striking one on account of 
its corolla, which is tubular, inflated below and above, but 
ending above in five lobes which cohere in different ways. 

There are a number of plants of this order that have 
adapted themselves to a xerophytic life. The genus Hoya 
has very fleshy leaves and the species thrive even under 
very dry conditions. Sarcostemma drevistigma, W. & A., 
Boucerosia umbellata, W. & A., and Caralluma adscendens^ 
Br., have very fleshy green stems without leaves and, even 
when developed, they appear when young as small scales and 
then drop off. The first one is a creeper with a leafless 
cylindrical green stem and white flowers in umbels, and the 
other two are small plants with very succulent square green 
stems and large flowers. 

Ghargcters of the Family. — This is a large order consisting 
mostly of twining shrubs and herbs with a milky juice. 
Leaves are opposite, exstipulate, and simple. Flowers are 
regular, symmetrical, pentamerous and in umbels. The calyx 
is usually divided down to its base into five small segments 
and the corolla is five-lobed, rotate or tubular and in some 
genera provided with corona. Stamens are five and the 
filaments are united so as to form a fleshy tube and with 
outgrowths at the back (corona) ; anthers are free or united 
to the stigma ; pollen grains are found in masses (pollinia) 
and each pollinium may have a stalk (caudicle) and a gland 
(corpuscle). 
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The ovary is superior of two one-celled free carpels ; 
ovules are many. Fruit consists of two follicles, but often 
only one is developed, and seeds are fiat and comose. 


The two plants Trichodesma indicum, Br., and Heliotro- 
pinm ovalifolium, Forsk., are typical examples of the 
family. 

TricTiodema indicum, Br., is a low annual with many 
hispid branches, flourishing in dry situations. Leaves are 



Fig. 398. A branch of Trichodesma 
mUciim, Br. 


simple, opposite and also 
alternate, sessile, exstipu- 
late, linear-oblong or' 
oblong-lanceolate, entire 
and cordate at base ; the 
upper surface is covered 
with ■ stiff hairs spring- 
ing from tubercles that 
appear as white circles 
when dry and the lower 
surface is more hairy, but 
‘less harsh. 

Flowers are solitary, 
leaf-opposed, with pale 
blue corollas. The calyx 
is deeply fiv-e-lobed, 
covered with long stiff 
hairs and grows in the 
fruit ; the lobes are 
lanceolate, acute and 
prolonged at the base and 
hence hastate or auricled. 
The corolla consists of a 
short tube and five 
spreading lobes that are 
somewhat ovate triangu- 
lar in shape ; the lobes 
have a brown patch at 
their bases and end in 


pointed processes which are short or long (then twisted),' 
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Stamens are five, epipetalous, with very 'short filaments ; the 
anthers are ohloim or lanceolate and united into a cone and 
are hairy outside ; .the connectives are broad outside, 
produced beyond the apex and are twisted together. Ovary 
is four-lobed and four-celled with a single ovule in each and 
the axis is very prominent. Style is long. 

The fruit is conical, and the four lobes separate from the 
axis as nutlets, leaving four pits ; the nutlets are grey, and 
smooth at the back and the inner surface is rugose. 



Fkk 399. Tr/tihoflemui/idicnm, Br. 1, flower bud; 2, open flower; 
3, corolla and atamens j 4, pistil ; 5, pistil, transverse section; 
f), fruit 5 7, back of nutlet ; 8, inner-face of nutlet. 

Eeliotropivm ovalifoUwn, Forsk., is a herbaceous plant 
with numerons Softly hairy, prostrate or erect branches 
flourishing in clayey soils, such as the beds of tanks and 
paddy fields when they lie fallow. Leaves are alternate, 
simple, exstipulate, shortly petioled, ohovate or elliptic, and 
softly densely hairy on both sides. Flowers are white, small 
and are two-ranked on one side of an axis, which is really a 
scorpioid cyme ; and this is why the inflorescence is coiled 
at the free end. The calyx is persistent in fruit, five-partite 
and one lobe is very much larger than the other four corolla 
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is tubular, hairy outside and also with a few hairs at the 
throat. Stamens are five, epipetalous ; filaments are very 
short and the anthers are lanceolate. The ovary is four- 
celled and f our-ovuled. There is no style and the stigma is 
conical with a few hairs at the top. The fruit breaks into 
four nutlets. 

Other species of Heliotropium occurring in South Indi^ are 
H. indicim, L., E, supimm, L., and E. marifolium, Retz. 



Figu 400, ; Heliotfopium ovalifolium, -Forsk, 

Ooldmia procumhens^ L., is a diffuse prostrate herb 
■usually found in, paddy fields, easily recognized by the 
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branches which are lying quite fiat on the ground with 
crisped hairy leaves and solitary axillary flowers. 

Some members of this family, Gordki Mym, L., G. 
monoica, Roxb., and G. Rothii, R, & S., are small deciduous 
trees commonly met with in the forests of the plains and low 
hills. The fruit of Cordia is a drupe with gummy pulp. 

Eliretia 'buxifolia, Roxb., is a very common shrub growing 
in scrubby jungles of the plains. 



Fig. 401. Ildlotropium ovalifoVmm, Forsk. 1, flower; 2, corolla; 
3, corolla laid open to show stamens ; 4, pistil j 5, fruit ; 6, 
segment ; 7, seeds 


Gharactsrs of the Family . — The plants are herbs, shrubs or 
trees. Leaves are simple, alternate (rarely opposite) and 
exstipulate. Inflorescence is usually a suppressed dicho- 
tomous cyme. Flowers are regular and bisexual. The calyx 
is five-partite, persistent, the corolla is tubular, flve-lobed. 
Stamens are five with short filaments, epipetalous. Ovary is 
two- to four- celled with one ovule in each cell. Fruit is 
either a drupe or it ‘divides into four nutlets. 
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This order is a cosmopolitan one with many species, widely 
spread in temperate climates and in the tropics. 

OONVOLVULACB^ 

The small herb Evolvulm ahw aides, Wall., growing 
amidst grass in waste places may be chosen as a type. This 
is a perennial and produces numerous wiry stems covered 



Fig. 402. Convohulm arvends, L. 

with long, soft hairs. Leaves are small alternate, exstipulate, 
variable, elliptic-oblong and densely clothed with soft 
appressed hairs on both sides. Flowers are solitary, peduncle 
jointed. The calyx consists of five, narrow, free sepals 
densely covered with silky hairs- The corolla is rotate^ blue 
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Stamens are five, epipetalous. Ovary is sup erioi^ two-celled 
and f onr-oviiled ; styles are two, distinct ancTlmM at the tip. 

Fruit is a globose four-valved capsule containing four 
glabrous seeds. 

The genus Ipomoea is quite characteristic of this family 
and any one of its numerous species may he .examined. 
Most of these are twiners and a few are prostrate ones. The 
calyx is of five unequal, free sepals (quincuncially) imbricate 
and, in some, enlarged in fruit. The corolla is monopetalous, 
funnel or bell-shaped, and the lobes are plicate, and this is 
well seen even in an open flower. Stamens are five, equal or 
unequal, epipetalous ; filaments in some are dilated at the base. 
Ovary is two-or four-celled and four-ovuled ; style is filiform 
with a bi-globose stigma. Fruit is capsular, four-valved and 
four-seeded: Seeds are smooth, velvety, or even hairy. 



Fig, 403. Couvolvidm arvenm, L. 1, flower bud; *2, flower; 3, 
corolla laid open to show stamens; 4, anthers; 5, pistil; 6, 
transverse section of fruit ; 7, longitudinal section of ovary j 
8 and 9, seeds. 


Convolvulus arvensis, L., and C. Eottlerianus^ Chois., are 
also very common in certain regions. ■ The former is a low 
twiner with underground branches and it is a persistent 
weed. Its flowers and fruits are like those of Ipomoea, but 
the stigmas are elongate instead of bi-globose. 

S5-A 
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The parasitic plants Cuscuta refiexa, Roxb., and G. 
chinensis, Lamk., are members of this family. 

Characters of the Family . — These are herbs or shrubs, mostly 
twining, though a few are erect. Leaves are simple, alternate 
exstipulate, and petioiate. Flowers are in cymes or solitary’ 
regular and bisexual. The sepals are five, free and imbricate’ 
The corolla is usually showy, rotate, bell-shaped or funnel- 
shaped. Stamens are five, unequal and epipetalous. The 
ovary is superior, two or four-celled with four ovules. Fruit 
is a capsule. Seeds are with scanty endosperm^ and folded 



^ SOLANACE-®. 

The widely cultivated brinjal plant Solarium Melongena 
L., is a good type of the family. This plant grows to a height 
of three to six feet and the whole plant is thickly coated 
with stellate hairs, and it is also armed with prickles. Leaves 
are alternate, exstipulate, petioiate, ovate, sinuate or lobed, 
covered below with stellate hairs and with prickles OU' the 
veins, and unequal at base. 

Flowers are in extra-axillary helicoid cymes, only one 
fiower being perfect, The calyx is five-lobed, stellately hairy 
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outside, and it is persistent and grows with the fruit and 
sometimes also prickly. Corolla is violet blue, rotate, five- 
lobed (sometimes six to eight), stellately hairy outside 
between the folds and on the plaits. Stamens are equal to 
the corolla lobes, epipetalous ; filament is short, and anthers 
are long and open by apical pores. Ovary is superior, two- 
celled and many ovuled- 

Fruit is a two-celled berry with many compressed flat seeds.. 

This plant exhibits 
a certain amount, of 
variation in its flower 
under cultivation. . On 
the same plant we find 
corollas with five, six, 
seven or eight lobes 
and as many stamens. 
The fruit shows many 
irregular cavities due 
to unequal growth and 
development of the 
placenta. 

Solanim mnfho- 
carpum^ Schrad and 
WendeL, is a very 
prickly plant with 
diffuse branches very 
much like the brinjal 
plant in the structure 
of its flowers, but the 
fruits are smaller. 

Solanum torvum, Sw., is a shrub without prickles and 
the flowers are white. 

Solanum nigrum, L., is also a common plant easily 
recognised by the extra axillary umbellate cymes of red or 
black round berries. The berries are sweet and are eaten in 
this country, but they are said to be highly poisonous in, 
England. 

Gapsicum frutescens,1j., and C. annum, h., dudMcotiana 
Tahaoum, L., are under cultivation. In all these, the anthers 
dehisce longitudinally and the fruit is a berry in the first two 
and a capsule in the third. 
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Physalis, Witliania and Nicandra have persistent enlarged 
membranons calyces covering the fruit. 

Gharacters of the Family. — The members of this family are 
either herbs or shrubs. Branches in some species are sympo- 
dial. Leaves are alternate, simple, petiolate and exstipnlate. 
Flowers are regular, pentamerons and bisexual and in extra- 
axillary or lateral cymes. The calyx is inferior five-lobed 
persistent and even accrescent. The corolla is monopeta- 
lous, rotate or funnel shaped, with five lobes. Stamens are 
five, epipetalous with very short filaments and anthers 
dehiscing by apical pores or longitudinally. Ovary is 
superior, two-celled. Fruit is a berry or a capsule. Seeds 
are without endosperm, usually compressed. 


■ SOROPHULARINEiE. 

Many species of this family occur as weeds in moist 
situations. The weeds Stemodia viscosa, Roxb., Herpestis 



Fia. 406. Fig. 407. Stemodia Viscosa, Roxb. 1, flower; 

A braacb of Stemodia 2, corolla ; 3, calyx and ovary ; 4, ovary and 
Visma, Roxb. style ; 5, ovary cut across ; 6, fruit ; 7, seed. 

Monniera, H.B. & K. mdi .Bonmyaveroniccefolia, S>pTmg., 
may be examined as types of this family. 

Stemodia viscosa^ Roxb., occurs in paddy fields. It is a 
much branching, erect, somewhat aromatic plant with angular 
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stems and branches. The whole plant is pubescent with 
glandular hairs. 

Leaves are opposite or whorled, variable in size, sessile, 
cordate, and somewhat amplexicanl at base, oblong, usually 
tapering towards the apex, acute, with a serrulate or sub- 
entire margin. Flowers are axillary, solitary or in terminal 
few-flowered racemes. Pedicels are fine, slender and there 
are two linear bracteoles. The calyx is 5-partite and the lobes 
are narrow lanceolate, ciliate and glandularly hairy. The 
corolla is tubular, bilabiate, violet and glabrous, the upper 
lip is broad entire or emarginate and the lower lobe with 
three emarginate or rounded lobes. There are four epipeta- 
lous stamens two long and two short; the anthers are 
distinct and stalked. Ovary is glabrous with a long style and 
a bifid stigma, two-celled and many-ovuled. The fruit is a 
4-valved capsule. Seeds are minute oblong-elliptic. 



Fig. 408. Hervestk UonnkTa ^ & K. 


Her^pesti^i ifonn/em, H.B. & K., is a glabrous succulent 
creeping herb found in ditches and in margins of ponds 
or marshy situations. The main stems are rooting at the 
nodes and creeping and the secondary branches are erect and 
numerous. 

Leaves are opposite, decussate, sessile, oblong to obovate 
or spathulate, entire with minute black dots. Flowers are 
solitary, axillary with slender pedicels. The calyx is 
5-partite, and one lobe slightly longer than the others. The 
corolla is light blue or almost white, with nearly round equal 
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lobes. Stamens are epipetalous, didynamons witli distinct 
anthers. Ovary is 2-celled and many-ovuled ; the style is 



Fig, 409. H'erjmth Mouuiem, H.B. & K. 1, flower bud j 2, 
flower ; 3, corolla ; 4, fruit and calyx ; 5, ovary ; 6, section of 
ovary; 7, fruit; 8, seed, 

slender and the . stigma is bifid. Fruit is a 2-celled 
globose capsule. Seeds are obconic, small. 



G. 410, Bnnmj/a veromcafoUa, S]^TQiig. 
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Bonnaya veroniixafolia^ Spreng., is an annnal glabrous 
herb with decumbent or creeping stems rooting at the nodes 
and with quadrangular ascending branches- Leaves are 
opposite, exstipulate, subsessile, distantly and shallowly 
serrate. Flowers are in axillary and terminal racemes. 
Pedicels are divaricate, short iii the flower but elongating in 
fruit; bracts are small, linear-lanceolate. The calyx is 
deeply-lobed into five linear-lanceolate acute lobes. The 
corolla is violet, bilabiate, with two lobes in the upper and 
three in the lower. There are two perfect stamens and two 
clavate long yellow staminodes. The fruit is a narrow 
oblong capsule acute at the tip and glabroUvS. Seeds arc 
small and truncate at both the ends. 



Fig- 411. Bonnaya veronhcpfoUa, Spreiig. 1, flower; 2, calyx and 
ovary ; 3, corolla ; ' 4, ovary and style ; 5, anther ; 6, section of 
fruit ; 7, fruit ; 8, seed, 

The very common marsh plant LmnopMla gratioloide.% 
Br,, and the weeds of the paddy fields, Dopatrkm niidicaule, 
Ham, I), juncoum^ Ham,, and, I), lohelioides, Benth. are also 
plants of this family. The root parasites, Intea, Lour., 
and Sopuhia delpUnifolia, G. Don., are other members of this 
order. 

Ghar ciders af the Fcmiily . — The plants of this family are, 
herbs or shrubs, some being partly parasitic on roots. Leaves 
alternate or whorled and exstipulate. Flowers are bisexual 
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usually irregular and racemose or mixed in inflorescence. 
The calyx is persistent, pentamerous. The corolla is tubular, 
tube long or short, bilabiate, four or five lobed. Stamens are 
epipetalous four or two and when t’wo with usually two 
staminodes. Disk is annular or glandular. Ovary is two- 
celled and many-ovuled. Fruit is a capsule bursting in 
various ways. Seeds are small and of different shapes. 

PEDALINEiE. 

The Gingelly or Sesamum plant may be taken as a type 
of this family. 



The plant Sesamum indicum, DC., is a softly hairy herb 
with square stems, and growing to the height of about, four 
feet. The leaves are opposite in the lower portions of the 
plant, and submpposite or opposite in the upper parts. On 
the same plant the leaves vary, the lower are lobed or 
pedatisect, the middle are ovate and .toothed and the upper 
narrowly oblong and sub-entire. 

The flowers are axillary, solitary with the two lateral 
flowers often reduced to yellowish gland-like bodies, or in 



DESCRIPTION OE NATURAL ORDERS 


395 


fascicles of two or three, and with short pedicels. The calyx 
is small, with five lanceolate lobes. The corolla is large- 
pinkish or pinkish white with yellow marks inside, tubular 
ventricose, five-lobed with one lobe slightly larger than the 



8 

Pio. 413. Sesamum mlicum, DC. 1, flower ; 2, corolla ; 

3, calyx, ovary and style ; 5, section of ovary j 6, 7, fruit j 8, seed. 

others, and pubescent. Stamens are four, didynamous and 
included. The ovary is two-celled, becoming falsely four- 
celled, and cells many-ovuled. 

The fruit is an oblong capsule, hairy and opening by 
two valves at first and then ultimately four-valved. Seeds 
are ovate-oblong, compressed, smooth, blackish or brown. 

Sesamum ^grostratum, Eetz,, occurs on sand hills near the 
sea on the East Coast. Another species S, laciniatum, Klein., 
is also commonly met with in sandy situations in the 
Presidency. Both these have deep purple flowers. 

Pedalium Murex^ L., is another weed ■ of this family and 
it can be easily recognised by the yellow corolla and the 
hard pyramidal or oblong-ovoid fruit bearing four spines. 


- Acanthace^ 

’ The common weed Riiellia patula, Jacq., is a good 
example of this family. It is a much branched herb, with 
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long inter nodes and nodes slightly thickened and purple. 
Leaves are opposite, exstipnlate, petiolate, ovate, entire, 
sparsely hairy on both sides. 

Flowers are solitary, axillary, se ssile» with two b racteoles,^ 
The calyx is divided to its base into five very narrow 
segments. The corolla is violet pink, monop etalous, tubulp 
below, and funnel-shaped above, with five rounded lobes 



FiO. 414. Rungia repms^ 

twisted in bud to the left, but spreading out in open flower. 
The stamens are fimpet, along The ovary is 

superior , two-celled and-many-ovuled with axile placentation ; 
style long and hairy, stigma bifid but one lobe is yery short. 

, The fruit is a capsule somewhat club-shaped with a mark 
at the tip which, if wetted, brings about the dehiscence. 
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Seeds are thin, discoid on hard funicles (retinacula) and 
there is a line of hairs at the mai'gin. 

Btmgia repens, Nees, is another plant met with in the 
bunds of paddy fields and ditches, amidst grass. It is a 
branched herb with slender glabrous branches. ' Flowers are 
in one-sided spikes with bracts and bracteoles. The' bracts 
without flowers are larger than those connected with the 
flowers and both the bracts have scarious margins. The 
corolla is two-lipped with two epipetaious stamens. The 
anther lobes are placed one above the other and the lower lobe 
has an appendage. The fruit -is a small compressed capsule. 

HygropMla sptnosa, T. Anders., is another, common, stout, 
erect herb with many straight branches bearing long spines 
at the nodes, and growing in moist situations such as ditches 
amidst paddy fields. 



Fig-. 415. Btmgia repe'ns , 1, bract and bracteoles; 2, calyx; 

3, 4, corolla; 5, anthers; 6, pistil; 7, fruit; 8, seed. 

Other plants of common occurrence are Andrographis 
ecJiioides, Nees, BUphciris molluginifoUct, Pers., Justicia 
pTocwnhens, L., and B(xrleTici> PHonitis, L. AMdrogra/pliis 
eoMoides, Nees, is easily -recognised by its inflorescence 
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consisting of white corollas, glandularly hairy sepals, bracts and 
bracteoles ; Blepharis mollugimfolia, Pers., has wiry prostrate 
branches with whorled leaves and solitary flowers with three 
or four pairs of decussating bracteoles and a corolla with a 
three-lobed lower tip and without the upper one . In Justicia 
procumbens the flowers are small and in terminal spikes 
and Barleria Prionitis is conspicuous by its regular orange 
tubular corolla with two stamens and axillary spines. 

Characters of the Family. — Plants of this order are herbs or 
shrubs. Leaves are opposite, exstipulate, simple, and the 
nodes are somewhat swollen. Flowers are hermaphrodite, 
regular or irregula r, in cvmes. snikeaj]jmianej ii.e^ bracts 
and bracteoles. The calyx is usually deeply fivedobed and 
the corolla is equally or unequally five-lobed. Stamens are 
four or two, epipetalous; anther lobes. parallel and near or 
superposed. Ovary is juperior, two-celled and many-ovuled. 
Fi'iiit is a loculicidallydehiscing capsule. Seeds are many 
or few, discoid, compressed, smooth or hairy, seated on 
retinacula (hardened funicles), and there is no endosperm. 

Labiatjb. 

The common weed, Leucas aspera^ Spreng., will serve as 
a good example of this family. 

This is a diffusely branching annual with hairy, square 
stems. The whole plant possesses a strong smell. Leaves 
are exstipulate, opposite, sessile or with a very short petiole^ 
linear, coarsely crenate and hairy on both the surfaces. 

Flowers are sessile and collected together in congested 
cymes (verticillasters) in the axils. Bracts are linear, acute 
with long hairs on the margins. The calyx is monosepalous 
persistent, tubular, bent and constricted below ; the upper 
portion of the tube is ribbed and hairy, but the lower half is 
glabrous and membranous ; the mouth of the tube is oblique, 
with the small upper teeth projecting above. The corolla is 
white and labiate ; the upper lip is narrow and very densely 
woolly outside, and the lower lip is broad, flat, three-lobed, 
the midlobe being the largest and obovate and the lateral 
smaller. The stamens are epipetalous, didynamous and 
included within the upper lip ; anthers are red, The ovary 
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is superior, deeply four-lobed and is surrounded by a lobed- 
disk. The style is long and it rises from the middle of the 
four lobes (gynobasic). 

The fruit consists of four oblong nutlets, rounded at the 
back and angled inside. 

Other plants that are easily procurable are Ocimimi 
canum^ Sims., 0. sanctum, L., 0. BasUicum, L., and Ani- 
someles malaharlca, R. Br. All these plants are aromatic. 
The Ocimums have a labiate corolla with the upper lip 
broader and four-lobed and a narrow lower lip, and the two- 
upper stamens have hairy appendages at their base. Ani- 
scmieles malalarka, R. Br., is a very softly woolly plant with 
a large, pinkish, two-lobed corolla and the flowers are in 
distant cymes. 



Fig. 417. Ocmim Hanriim, L. 1, branch j 2, flower j 3, section oi 
flower 5 4, pistil. 

The species Moschosma iMystachyum, Bentli., is a 
glabrous plant often met with in. wet places, and it is easily 
recognised by its one-sided whorled inflorescence. Many 
species of Leucas occur both on the plains and on the hills. 
In some parts of the Presidency the ■^ImiLeonotis nepetce- 
folia, R. Br., is a very conspicuous plant. It has got very 
large verticillasterSj and the corolla is scarlet or deep orange- 
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Characters of the Family . — The members of this family are 
mostly scented herbs though a few are shrubby. The axis is 
quadrangular and hairy. Leaves are exstipulate, opposite or 
whorled. Flowers are bisexual, irregular, labiate, in cymes 
or in false whorls (verticillasters). The calyx is mono- 
sepalous, persistent, regular or irregular. The corolla is 
tubular, labiate. The stamens are epipetalous and didynamous 
or all four equal, and all or only two perfect. The ovary is 
superior with a lobed disk and a two-fid long slender style, 
which is apical or gynobasic. Fruit consists of four nutlets. 

Achyranthes aspera, L., growing in hedges and thickets 
all over South India is a representative of this family. 

This plant produces 
only a few straggling- 
branches and the axis 
is rounded and striate. 
Leaves are exstipu- 
late, simple, opposite, 
petiPled, obovate or 
rotund, and finely 
hairy on both sides, 
and margins entire 
wavy. 

Flowers are in 
terminal spikes, stiffly 
deflexed and crowded 
on the axis. Both the 
bract and the brac- 
teoles are ovate and 
spinescent, ■■ persistent 
and become hardened 
in fruit. The perianth 
consists of five ovate 
oblong or lanceolate, 
shining, glabrous 
sepals, that are green- 
ish or reddish at bhe 

^ j edges, with spinescent 

Figi, 418. Achyranthes aspera, u ® 

apex and membranous 



^6 
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margins. These become hardened and persist with the fruit. 
There are five stamens alternating with five truncate, 
fimbriate staminodes. 

T'ruit isindehiscent with a membranous hardened pericarp 
(utricle). Seed is cylindric. 

A^uctTcifitus vifidis, L., A. spinosus, L., and A. gctTigsttcus, 
L., are very common plants ; the first two occur as weeds in 
waste places and the third is largely cultivated. The flowers 
are generally small, unisexual and monoecious. 

Many plants of this order grow as weeds in the fields and 
' the most common ones are the following : Celosia argentea, 

L. (most abundant in 
dry fields and very 
conspicuous on account 
of its glistening white 
spikes, pinkish at first), 
Aerua lanata, Juss., 
A.'javanica, Juss., and 
A. Monsonia, Mart. 

In hedges and in 
thickets Pupalia atro- 
purpurea, Moq., fiou- 
rishes and it is easily 
recognisable from its 
inflorescence, in which 
the flowers are grouped 
in threes and the two 
lateral flowers become 
hooked spines, and 
remain attached to the 
middle one and persist 
with the fruit, resulting 
from the middle flower . 
Alternanthera sessilis, 
Br., is a plant found 
growing in damp 
Fig. 419. Amarantm mridis, L. places. 

Gharacten of the Family .— the members of this family 
are herbs. Leaves are exstipulate, simple, alternate or opposite. 
Flowers are hermaphrodite or unisexual, moncecious, in 
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spikes or clusters. The perianth consists of five scarious, 
persistent sepals. Stamens usually vary from one to five 
and staminodes may be present or not. The ovary is one- 
celled and with one or many ovules that are erect or sus- 
pended from a funicle. Fruit is a membranous utricle. 

Seeds are usually orbicular, black, polished and com- 
pressed; embryo coiled and in floury endosperm. 



Fig. 420, Amarantm spinosm L. 1, branch j 2, male flower} 3 
female flower j 4, fruit ; 5, base of utricle ; 6, upper lid of 
utricle j 7, seed. 

*• Euphoebiace^ 

The family is a large one and the species differ very much 
in their vegetative parts and even in their flowers. Therefore, 
it is necessary to select three types at least. 

AcalypJia indica, L., is. a widespread common weed. It 
is an annual with numerous, long branches. . Leaves are 
alternate with very minute stipules, long-petioled (the 
younger leaves short-petioled and older long-petioled), ovate, 
serrate, three nerved at base. 

Flowers are unisexual and monoecious, and in axillary 
elongated spikes. Male flowers are very minute and are 
clustered towards the apex of the spike, and the female 
flowers are few at the base, and at the apex of the inflores- 
cence there is a peculiar appendage (a female flower), and 
sometimes this contains a seed. The male flowers have 

?6-A 
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four sepals and eight stamens and the female flower is 
provided with a large, leafy, many-nerved, dentate bract. 
The ovary is hairy and three-celled, with a single ovule in 
each cavity. 

The fruit is a small hispid capsule and it is concealed 
by the enlarged bract. Seeds are ovoid, smooth and 
brownish. 



Pio. 421. Aciilypha indica, L. 1,- branch ; 2, female flower ; 3, 

flower; 4, terminal female flower; 5, ffuit cnt vertically; 
6, fruit cat across j 7, a stamen . 


Another common weed widely distributed is Phyllanthus 
madermpatensis, L. This plant is a variable annual with 
numerous branches. In this plant, and also in some other 
species of Phyllanthus, the branchlets look like ' pinnate 
leaves. Leaves are small, alternate and bifarious, shortly 
petioled with lanceolate peltate stipules, obovate-cuneate, 
truncate or rounded at apex, often mucronate, and the nerves 
are conspicuous on the lower surface of the leaf. 

Flowers are unisexual, monoecious ; male flowers are 
minute, sessile and clustered dn the axils ; but the female 
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flowers are larger, solitary and stalked. The sepals in both 
are six, obovate, with white margins. Stamens are three and 
the filaments are united. The ovary is superior three-celled, 
with three two-lobed styles and two ovules in each cell 

The fruit is a capsule with three lobes. Seeds are some- 
what trigonous though rounded at the back. 

EuphorMa Ivirta, L., is an annual with erect or 
procumbent branches. The whole plant is covered with long 
rough hairs and it contains a milky Juice. Leaves are 
opposite, short-petioled and with pectinate stipules, obliquely 
elliptic or oblonglanceolate, dentate, green, or reddish 
green. 



FlO’. 422 Phyllanthm ))mdera>q)atenm, L. 1, branch 2; node with a 
leaf, stipules and flowers ; 3, male flower ; 4, female flower j 
5, fruit cut vertically. 


Flowers are unisexual, monoecious and collected together 
into inflorescences simulating single’ flowers, and this 
inflorescence is called a cydihiwn,. The cyathiums are 
crowded and axillary: The cyathium consists of a perianth- 
like organ or the involucre, which is tubular and five-lobed, 



m 


MANUAL OF ELMeNTARY BOTAMy 


i solitary fruit and a number of stamens witbin. The single 
:ruit is really a female flower surrounded by a number of 
male flowers. 

Each involucre consists of a tube, five very small limbs 
with minute glands between them. The stalked stamens 
found within the involucre and round a stalked ovary are 
really male flowers, each stalked stamen representing one 
flower. In every involucre there is a single stalked ovary 
which is a' female flower. 

Fruit is a capsule, three-lobed and covered with appressed 
hairs. Seeds are trigonous, transversely rugose and brown in 
colour. 

There are many species of Euphorbias and they are easily 
recognized by their Cyathiums. EuphorUa rosea, Retz., 
and E, corrigioloides, Boiss., occur in dry open sandy situa- 
tions. Some of the Euphorbias are big shrubs with cladodes 
and are typical xerophytes. E, antiguorwm, L., and E. 
tirucalli, L., are examples. 

The Castor plant (Bicinus communis, LX Mr opha Gurcas, 
L., J. glanduUfera, L., Phyllanthus emhUca, L., P. reticulatus 
Poir., and Flueggia Leucopyrus, Willd., are other common 
plants of this order. 

Characters of the Family, — The family includes herbs, 
shrubs and trees, and many of them abound in milky juice. 
Leaves are alternate or opposite, stipulate, petiolate (some- 
times petioles with glands), and usually simple. Flowers are 
small, unisexual, monoecious, and arranged in various ways. 
The perianth is usually single, rarely double. Stamens are 
few, many or even one. Ovary is superior three-celled with 
one or two ovules in each cavity. Fruits are capsules, berries 
or drupes. Seeds are often arillate, with endosperm. 

IjRTIOACEiE 

' ' The Jack-fruit and the Banyan tree are good examples of 
this order. 

The Jack tree {Artocarpus integrifoUa, L.) is a large ever- 
green tree with milky juice- Leaves are alternate, with large 
spathaceous, caducous stipules, oblong or elliptic-oblong, 
shining and glabrous above, coriaceous. 

Flowers are monoecious, in spikes, or heads that are 
covered by large stipules, when young. In the male spike 
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the flowers have two oblong or spathnlate sepals and a single 
stamen. The female flowers have a tubular perianth which is 
united below to a concave receptacle, with the ovary at the 
bottom ; the style is lateral. The female spike grows and 
becomes the fruit, but the male spike falls off. 

The fruit consists of an enlarged axis covered with the 
very much accre'scent fleshy perianths and carpels, with 
hardened flat spinescent apices. (See fig. 297.) 

Ficus hengalensis, L., is a large spreading tree, capable of 
indefinite extension, on account of its aerial roots arising from 
the branches. All parts of 
the tree abound in milky juice 
and young parts are softly 
pubescent. Leaves are sim- 
ple, alternate, stipulate (sti- 
pules coriaceous and large), 
oblong or ovate-oblong, entire, 
obtuse, and three to seven 
nerved at base- 

The fig or the young 
inflorescence consists of male, 
female and gall flowers lying 
inside the hollow receptacle, 
which is usually fleshy. 
Fig. 423. Ficus hengalensis, L. There are many male flowers 
1, the inflorescence j 2, same cut mouth of the 

flower has only one stamen 
and four sepals. The perianth in the gall flower is similar to 
that of the male flower. The female flower has four sepals 
shorter than in 'the male flower and the style is lateral. 

Several species of Ficus are fairly common in South India 
and the most common ones are Ficus religiosa, L., F. glome- 
rata, Roxb., Ficus Tsiela, Roxb., Ficus Mspida, L.f., and 
F, asperrima, Roxb. 

The small gnarled tree StreUus asper, Lour^,,with its 
crooked interwoven branches, may be seen in scrubby jungles. 
Flowers are dicBcious. 

Dorstenia indica, WaU., is a small herb growing in damp 
situations on the hills and it is easily recognised by the flat 
receptacle with both kinds of flowers on it. 
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. MONOCOTYLEDONS 
Obchidbje 

Eulophia virens^ Brown, is an orchid occurring in dry 
ground Ml over the Presidency. 

This is a herbaceous, perennial, ground Orchid having a 
pretty large epigeal conical, rhizome (pseudobulb) with long 
grass-like, plaited leaves possessing, a strong midrib. 



Fig. 424. Eulophia inrens^ 
Brown. An entire plant 
without inflorescence 



Fig. 425. 'Eulophia inretis,, Brown. 
1, flower; 2, sepals and petals; 
3, side view of lip and column ; 4, 
front view of column ; 5, anther ; 
6, pollinia. 


Flowers are racemose on a lateral scape, and are herma- 
phrodite, showy and irregular ; bracts are small and persistent. 
There are three sepals’, all alike. Petals are three, but two 
are alike and the third is different in shape. It is three-lobed 
and adnate to the column and saccate at the base ; the middle 
lobe is larger than the lateral lobes and bears inside four or 
five ridges of thread-like outgrowths (carinate) ; all the petals 
are green with red lines. The stamen is solitary and 
it is reduced to its anther, which is seated on- the top of the 
column. The pollen grains are coherent into two oblong 
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masses, attached by a short strap to a discoid gland- The 
ovary is inferior, one-celled with three parietal ]3lacentas and 
the stigma is the concave face of the column below the anther. 

, The fruit is a capsule. 

Seeds are extremely 
small with a lax hyaline 
testa. 

Vanda ' Eoxburf/kii, 
R.Br., is an epiphytic 
orchid growing on 
branches of trees with 
long stout aerial roots. 
The flowers of this 
orchid are large and 
showy. The two Habe- 
narias, H. viridifiora, 
E. Br. and if. platy- 
phylla, ‘Sprengl, occur 
in the plains. On the 
hills several species of 
1, Dendrobium, Ccelogyne, 
of Aerides and Hebenaria 
fruit ; ‘6, seeds. usually met with. 



Fig. 426. 
fruit ; 


Eulophla viretiH^ Brown. 
2, transverse section 


Characters of the Family .— members of this family 
are all herbs, growing in the ground or epiphytic. Shortened 
and variously thickened branches are possessed by some 
species and these are called pseudobulbs. Flowers are usually 
in spikes or racemes, bisexual, irregular and often showy. 
Perianth is superior and consists of two whorls, the outer 
consisting of three sepals, more or less similar and the inner 
whorl of petals, more or less dissimilar ; the two lateral 
petals are alike, but the lower petal called the lip, is 
variously shaped. There is a single stamen, but it is reduced 
to an anther united in a column with the .style. 


The pollen grains are coherent into waxy and powdery 
masses, called pollinia and these are stalked and attached by 
the stalk to a gland. The ovary is inferior and one-celled 
with parietal placentas. Fruit is a capsule and the 'seeds arc 
very 'minute with lax hyaline testa. 
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This order is a very large one and the variations exhibited 
by the plant, especially in the structure of its flowers, are very 
great. However, the most striking character of all orchids is 
the presence of the lip and the column consisting of the 
combined stamen and style and the pollinia. 

SCITAMINBJ2 


The plantain tree, Musa paradisiaca, L., may be studied 
as a type. 



Fig. 427. Musa paradisiaca, L, 1, inflorescence ; 2, flower. 


The so-called stem of this plant consists of leaf-sheaths. 
The stem is short, stout and stoloniferous. Leaves are very 
large, oblong, green and reaching eight feet in length and two 
or three feet in breadth. Flowers are in a spike which rises 
from the underground stem and the lower flowers are female, 
the middle ones bisexual and the upper male. The bracts 
are' leathery, large, concave and spathaceous. The calyx 
is tubular, slit down on one side and five-toothed. The 
corolla iS' reduced to a- single membranous petal. Stamens 
are five. The ovary is inferior, three-celled and the style is 
filiform and rises from a thickened base. Fruit is a berry 
with only imperfect seeds. 
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The Turmeric plant {Curcuma longa, L.), the Ginger 
plant {Zingiler officmale, Eoscoe), the Cardamoms {EM'- 
taria Cardamomum, Maton) and Ganna indtca, L., are 
species of this family. 

Characters of the Family,— plants of this Family are 
herbs, with rhizomes or stolons and the aerial stems consist, 
more or less, of the leaf -sheaths. Leayes are generally large, 
with sheathing leaf -stalks. The blade is usually large with a 
strong midrib and close set parallel secondary veins. Flowers 
are bisexual in most, though unisexual and polygamous in 
Musa. The perianth consists of two whorls. Tlier^ are three 
sepsis, free or connate. The petals also are three and they 
are free or tubular. There is only, a single perfect stamen in' 
many plants but there are five of them in Miisa. Ovary is 
inferior, three-celled. Fruit is a berry or a ‘ capsule. ’ Seeds 
are arillate (in some species) and the endosperm is floury. 


AMARYLLIDEiE , 

The garden plant Crinum asiaticum, L, is a species of 
this family. 

This plant is a herb with a large tunicated bulb. The 
bulb has a long stout neck. Leaves are very long and very 
broad, linear lanceolate, flat and with sheathing base. 

Flowers are large, showy and 
umbellate on a stout . scape. 
Bracts are long. The perianth 
is tubular, white, fragrant at 
night, six-lobed, lobes linear- 
oblong. There are six stamens 
with versatile anthers. Ovary 
is inferior, three-celled, with 
many ovules in each. 

Fruit is a capsule bursting irre- 
gularly. Seeds are few, large and 
rounded, with plenty of en- 
dosperm and without seed coats. 

CurcuUgo orchioides, Gsertn., 
the Nilappanai, is another species 
very common in sandy situations. It has got a deep under- 
ground erect cylindrical stem with plicate lanceolate leaves 



Fig. 428. A flover of Crinum 
asiaticum, L. 
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whose tips are sometimes viviparous. The flowers are small 
and bright yellow. 

The agaves, A. amerkam, L., A. vivipam, I., largely 
planted along the railway lines for hedging, are members of 
this family. 

Polyanthes tuhma, L., or the tuberose is largely grown 
in gardens throughout the Presidency- The flowers are white 
and are very fragrant. 

Gharacters of the Family.— U ost of he plants of this order 
are herbs. Stem is a bulb, or corm or an erect underground 
rootstock. Flowers are in umbels on a scape. Perianth is 
regular, biseriate, six-lobed or partite. Stamens are six, 
springing from the perianth lobes, and anthers versatile or 
erect. The ovary is inferior three-celled with many ovules. 
Fruit is inferior, capsular.' Seeds with endosperm. 

Liliacbji • 

The climbing plant Gloriom sim^ha, L., bearing large 
scarlet, showy flowers and found growing in dry places both 
on the East and West Coasts, is a good example. 
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This plant has underground stem-tubers, some of which 
have the shape of a country plough (hence the Tamil name 
Kalappai Kizhangu) and the aerial branches spring from them* 
(See fig. 429,) Leaves are alternate, opposite or whorled, 
sessile, lanceolate and the apex is modified into a tendril. 

Flowers are large, solitary, axillary. There are six linear 
lanceolate perianth segments with wavy margins, green when 
young, then yellow and finally scarlet or deep orange. 
Stamens are six with versatile anthers. The ovary is superior, 
three-celled, with the style deflexed. The fruit is a . capsule. 

Asparagus racemostis, Willd., is a common climber with 
many tuberous or thickened fleshy roots, growing even in low 
forests. This is easily recognized by'^tfee spinous pointed 
cladodes, springing from the axils of minute scale-like leaves. 

The Onion {Allium Gepa, L.) and the Garlic (A. sativum., 
L.) belong to this order. 

The bulbous plants Iphipenia 'nidlcu, A Gray, and Scilla 
indica, Baker, are fairly common in*, dry sandy places. 
Urc/inea iriddca, Kunth., is a common bulb met with on the 
sandy shores. 

Ohlorophytum attenuatu/n, Baker, and C. tulerosum^ 
Baker, are met with here and there in the plains all over 
South India. 

Characters of the Family. — Plants of this family are mostly 
herbs, with fibrous roots, bulb, corm, or creeping rhizome. 
Leaves are alternate or whorled. Flowers are bisexual, regular 
and the inflorescence is varied. The perianth is i)etaloid, 
usually six-lobed in two whorls. Stamens are six with Tong 
anthers, • Ovary . is superior three-celled, _ Fruit is tliree- 
cdled, capsular or berried.'" ^eeds ar6 flattened, and with 
endosperm. . ' 

This order diflei'S from.Aniaryllidese in leaving its ovary 
superior instead of inferior and in other respects there is 
much resemblance between these two orders. 

COMMELINACB^ 

The common weeds, Schultes., and 

Gommelina henghalensis, Linn., may be taken as types. 

Gyanotis axillaris, Schultes., is a diffusely branching 
herb, with glabrous, erect and prostrate branches, Leaves 'are 
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alternate, segsile, linear or linear-lanceolate, fleshy with 
ciliated, inflated sheaths. 

Flowers are clustered in the axils of leaves, within the 
inflated leaf sheaths ; bracteoles are linear. There are three 
lanceolate sepals and the corolla is tubular with three broadly 
ovate lobes, violet or violet-blue. There are six perfect 
stamens and filaments are swollen at the apex, bearded. 
The ovary is three-celled with two ovules in each cell. 

The fruit is a capsule, oblong, beaked and glabarous. 
Beeds are compressed, oblong truncate at base and with a 
conical tip at the apex, brown, rough and beautifully pitted. 



Fia. 431. Cymotis axillaris, Schultes. 1, branch with roots? 2, flower? 
3, stamen ; 4, hair on the filament ? 5, pistil ? 6 and 7, fruit : 8, 
fruit cut across ? 9, seed. 

Cyanotis cucullata, Kmxih.,, IB another species met with as 
a weed in cultivated lands. It differs from (7. axillaris in 
having almost naked filaments and a fruit broad at the apex 
and this plant is more robust. 

Gommelina henghalensis, L., is a slender, diffusely and 
dichotomously branching herb, with creeping and rooting 
branches. Leaves are alternate, oblong or ovate-oblong, sessile 
or short-stalkedj base unequal sided, sparsely hairy on both 
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sides. Flowers are enclosed in spathes, funnel-sliaped, and 
are in scorpioid cymes. Sepals are three, small, oblong. 
There are three blue petals. Stamens are six, three or four 
being perfect and the others reduced to staminodes. The 
ovary is superior, three-celled, with two cells two-ovuled and 
the third one-ovuled. The fruit is a capsule, pyriform with 
five seeds. Seeds oblong, closely pitted. In this plant are 
found cleistogamous underground flowers, which develop 
fruits with one or two large seeds. 

Another genus Aneilema is also very well represented in 
South India. Species of this genus are very common in wet 
situations such as borders of tank beds, paddy flats and 
ditches. This genus has flowers in panicles without spathes. 
Flowers are violet or pink. The common species are 
Aneilema spiratum R, Br., and A, nudifiornm, R. Br. 

Characters of the Family . — Plants are all herbs, mucilagi- 
nous. Leaves are usually veined distinctly, and with sheathing 
bases. Flowers are bisexual, in scorpioid cymes or cymose 
panicles ; the perianth consists of the two whorls, sepals and 
petals, three each. Petals are clawed, two being larger than 
the third. Stamens are six, all are perfect or only three, the 
remainder being staminodes. Ovary is two or three-celled. 
Fruit is capsular or indehiscent. Seeds are angled and 
endospermic. 

Palmed 

The Coconut palm is a tall tree with a straight stem 
which is thickened at base, annulate and varying in height 
from fifty to eighty feet. Leaves are very large with a very 
long petiole expanded at the base where it clasps the stem, 
pinnately compound ; leaflets are equidistant, linear, coria- 
ceous. Flowers are unisexual, monoecious, in a branched 
spike, enclosed by a large spathe. Female flowers are few 
large, towards the basal, portions of the branches of the spike 
and sometimes with a male flower on each side ; there are 
two broad bracteoles. The perianth consists of three sepals 
and three petals all accrescent. The ovary is superior and 
three-celled. The male flowers have three very short sepals 
and three oblong petals both being valvate. There are six 
Stamens, Pistillpde is present, but sometimes ?^bseut, 
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The fruit is a fibrous drupe, with a single massive seed, 
which consists of a huge mass of endosperm enclosing a 
cavity tilled with a liquid (coconut milk) and a small embryo 
embedded in the endosperm. 

The date palm, Phoenix sylveshis, Roxb., Calamus 
Eolang, L., Borassiis ftalellifer^ L., Areca Catechu, L., 
are some of the other palms in South India. 



Fig, .432. Comrnmfera. 1, spathc and spadix; 2, male flower; 
3, female flower; 4,. female flower cut across to show folding of 
petals and sepals j 5, bract and bracteoles at base of female 
flower. 

Characters of the Plants of this order are shrubs 

or trees, with stems erect, or scandent. Leaves are alternate 
with sheathing petioles, plicate in bud, pinnatisect or palmate. 
Flowers are small, bisexual or unisexual. Sepals and petals 
are three each. There are usually six stamens and rarely 
many ; filaments are free and anthers are versatile. Ovary 
is one to three-celled. Fruit is a drupe or a hard berry. 
Seeds have a small embryo and usually ruminate endosperm. 

AROIDBiE 

Colocasia antiguonim, Schott,, is a good example. It is 
a coarse herb with rhizomes and corms. Leaves are simple 
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with a sheathing petiole ; the blade is peltate, ovate with a 
broad triangular sinus at the base. Flowers are unisexual, 
borne by a spadix which is shorter than the spathe enclosing it. 
The spadix has an appendage. Male flowers are above and 
female flowers below with neuters between. The male flower 
consists of only the stamens and the female of the pistil 
only. Fruits are berried. 

This is a very well defined order in which the flowers are 
reduced to their essential organs, the stamens and the pistil 
and they are borne by a spadix 
enclosed by a spathe. 

The plants are perennial herbs 
or scandent shrubs. Leaves are 
alternate with a petiole having a 
sheathing base ; blade is entire or 
lobed in various ways- Flowers 
are uni- or bisexual, monoecious. 
Male flowers are towards the 
apex of the spadix and females 
at the base of the spadix, 
often with neuters between 
them and sometimes with 
neuters above the males. 
Perianth is absent. Stamens 
in male flowers one (in bisexual 
more). Ovary is sessile three-celled. Fruits are berries 
or drupes. 

Other common plants of this order are Amorphophallus 
campanulatus, BL, Synantherias sylvatica,. Schott., Crypto-^ 
coryne spiralis, Fisch., Pistia Stratiotes, L., Typhonium 
trilobatum, Schott., Pothos scandens, L., and Theriophonum 
crenatum, BL 



Fig. 433. Amorphophallus 
campanulatus, BL 


Cyperus rotundus, L., a troublesome weed of cultivation 
is a good representative of this family. 

The plant consists of many underground stolons bearing 
fragrant tubers and a few aerial branches terminating in 
inflorescences. Leaves are grass-like, three-ranked, mostly 
crowded at the base of the stem, with closed tubular sheaths. 
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Inflorescence is an nmbcl of spikelets. A spikelet has ten to 
fifty glumes distichously arranged, and the flowers are in 
the axils of glumes. Flowers consist of three stamens and 
an OTary with a three-fid stigma, and there is no perianth. 
The ovary is superior one-celled. The fruit is a broadly 
ovoid, trigonous, blackish nut. 



Fig. 434. Cy perns rotundus, L, I, inflorescence j 2, spike ; 

3, stolon with tubers. 

Fimbristylis miliacea, Yahl, is a common sedge of the 
wet lands. It is an annual with tufted stems. Leaves are 
shorter than the stem and their sheaths are distichously 
arranged. Spikelets are in compound umbels, globose, with 
closely imbricating ovate, boat-shaped glumes. Stamens vary 
from one to three. Fruit is a nut, obovoid, yellowish and 
tuberculate. The style is three-fid. 

Characters of the Family . plants of this order are 
inostly herbs with the habit of grasses, Stem is rounded or 
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triquetrous. Leaves are grass-like, but tlie sheath is closed 
three ranked and without any out-growth at the junction oi 
the blade and the leaf -sheath. Flowers are bisexual, arisini. 
from the axils of bracts (glumes), and consists of only stameni 
and an ovary. The perianth is absent, but sometimes as 
rudimentary scales, bristles, etc., because the function of pro- 
tection is done by the glumes. The inflorescence consists 



Fig 435. Fimbristylis miUacea, Vahl. 1, entire plant 2, spike j 
3, nut with style. 


of spikelets arranged in various ways. The ovary is one- 
celled with a solitary ovule. Fruit is a nut ; triquetrous, or 
compressed. 

Several species of Cyperus, Fimbristylis, Scirpus, Eleo- 
charis and Fuirena occur in South India. 

GRAMINBiE 

Panicumjavanicum, Foir., a common grass flourishing in 
damp situations may be examined as a type. 

It is a herb with prostrate branches, rooting below, and 
geniculately bending upwards. Leaves are alternate, with a 
loose softly hairy sheath, split open on one side ; the blade 

?7-a 
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is parallel-nerved, ovate-lanceolate, acuminate and semi- 
amplexicaul at base! At the junction of the blade "with the 
leaf-sheath, there is a ridge of soft hairs and this is the ligule, 
a structure peculiar to grass-leaves. The inflorescence is a 
panicle of spikelets. The spikelets are biseriate, ovoid with 



nicuirc, Poir. 1, 
branch. 



Fig, 4B7, Panicum javankum.^ Poir. 2, 3, 
spikelets ; 4, leaf blade ; 5, pistil ; 6, 
anthers ,* 7, lodicules, g, h, c, e, glumes ; 
and d and /, palea. 


very short, pubescent pedicels. The spikelet consists of four 
glumes ; the first glume is very small, broadly ovate, less 
than half the length of the third glume, three to five-veined, 
the second is ovate acute, seven-veined, the third is broader, 
five-veined, with a palea and some times even with three 
stamens and the fourth is oblong rugose tip rounded and 
with a mucro and a crustaceous palea. Generally the first 
three glumes are empty, the fourth glume alone enclosing a 
bisexual flower, • Outside the stamens and within the glume 
and the palea, two small cuneate fleshy bodies are seen. 
These are called Icdiculcs, and they are considered to be 
the rudimentary perianth lobes, The ovary is one-celled 
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with two plumose stigmas. Fruit is a grain enclosed by the 
fourth glume and its palea. 


Andropogon Sorghum, L., the cholam plant, may be 
studied as a second type. 



Fig. 438. Andropogon Sorghum, L. 1, 2, spikelets ; 3, parts of the 
spikelet ; i-iv, glumes;* 4, pistil j 5, lodicules. 


It is a tall plant, usually with a solid single erect stem 
with aerial prop roots. Leaves are alternate, bifarious and 
large, with a distinct hyaline ligule with a ciliated margin. 
The inflorescence is a mass of spikelets in a close or open 
panicle. There are two kinds of spikelets, the sessile and the 
pedicelled. The sessile one has four glumes ; the first and 
the second are equal and some-what coriaceous and hard, 
the third and the fourth glumes are thin and delicate and 
smaller than the second ; the fourth glume is sometimes 
awned. Between the fourth glume and its palea there is a 
complete flower and the third glume is usually empty, but 
very rarely has in its axil three stamens. The complete 
flower consists of three stamens, two lodicules and an ovary 
with two feathery stigmas. In the pedicelled spikelets also 
there are four glumes and they are barren or male. 
The fruit is a grain. 

Eleusine cegyptiaca, Desf., a common fodder grass may 
be taken as a third type. 

It is an annual with many prostrate branches, rooting at 
the nodes, compressed and glabrous. Leaves are linear, 
glabrous or with a few hairs, and with a ligule of hairs. Th« 
Inflorescence consists of four or more spikes borne palmately 
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at the top hy a peduncle. The spikelets are hiseriately 
arranged on one side of the axis of the spike, and each 
spikelet has five to seven glumes. All the glumes except the 

first two contain com- 
plete flowers (stamens 
and ovary). The 
floral glumes have 
three nerves and a 
two-nerved palea. 
There are two small 
cuneate lodicules. 
Fruit is a grain, free. 
Other Panicnms 
met with in South 
India are P. colonwn, 
L., P. prostratum, 
Lamk., P, ramosum, 
Linn., and P. crus- 
gain, L., and all these 
grow in a wild state. 
Some of the Panicnms 
are also cultivated and 
they are P. milia- 
ceum, P. miliare and 
P. framentaceum. 

The genera, Seta- 
ria, Andi'opogon, 
Chloris, Aristida, 
Eragrostis and Sporo- 
bolus are well repre- 
sented in South India. 

Gharacters of the Family.— All plants of this order are 
herbs, except the sugarcane and bamboo. The stem is round 
or compressed, hollow or solid. Leaves are alternate, two 
ranked, parallel-veined with a sheathing base or the leaf- 
sheath and a blade. The sheath is usually slit open on one 
side, and at the junction of the sheath with the blade, there 
is a ligule which is either membranous or a fringe of hairs. 
The flowers are reduced to the essential organs, stamens and 
the pistil, the perianth being represented by two very small 



Fig , 439 Eleusine cegyptiaca, Desf . 
branch with inflorescence. 
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flesliy cnneate bodies, the lodicules. The bracts grow larger 
and ajTord protection to the flower and so these are called 
glumes. The flowers are sessile on the axis (rachilla) and 
are enclosed by the glumes. The glumes and the flowers are 
grouped into small compact spikelets and a spikelet, which 
may consist of four or more glumes distichously arranged, is 
generally taken as the unit of the inflorescence in grasses. 
The first two glumes of a spikelet are empty and succeeding 
glumes are floral glumes. The flowers arise from the axils of 
glumes and have on the other side a hyaline two -nerved scale 
called palea. The spikelets are in panicles, racemes, or spikes, 
and they are simple or compound. Stamens are nsually three 
with slender filaments and versatile anthers. Ovary entire, 
one-celled, with two plumose styles. Fruit is a seed-like 
grain, free or adnate to the flowering glume and palea. 



Fig. 440. Eleusine (egyptiaca, Besf. 2, le?if blade : 3, 4, spike i 5, 
spikelet j 6, flowering glame, palea, lodioules, stamens and ovary. 

Of all the families this one is the largest and most widely 
distribut3d over the woidd. All the cereal grains, the staple 
foods of the mankind, Wheat, Rice, Ragi, Cholam, Millets, 
Maize, are members of this family. From an economic 
point of view this family is a most important one. Many 
grasses are valuable as fodder for cattle. 
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CHAPTEE XXIII 

PLANT ECOLOGY AND PLANT FOKMATIONS 

Fob systematic classification plants are viewed as separate 
units, and the fioral characteristics form the basis for classifi- 
cation. The object of systematic grouping is to show the 
relationship and this has nothing to do with the life and habits 
of the plant. Plants may be viewed from a different stand- 
point of view, i.e., according to their environment or habitats, 
[f we look at the vegetation of any particular locality as a 
whole, we find many species of plants growing together. On 
close examination it will also be seen that the plants belong to 
diverse groups having no relationship whatsoever. This 
intermingling of plants may be considered to be the result 
of accident. That it is not due to sheer chance is obvious 
from the fact that in similar localities we find, more or 
less, the same groups of plants with very slight variations, if 
any. Every species of plant tries its level best not only to 
live well, but also to increase its .progeny 'and expand to its 
utmost capacity. And there will be a keen struggle amongst 
■ different species, and naturally only those species that are 
best fitted for the locality are likely to get established. As an 
ultimate result of this struggle, different species of plants, 
not genealogically related, may acquire similar habits and 
become ecological groups. 

A successful living on the part of a plant indicates a 
harmonious relation^ between it and the physical factors 
amidst which it happens to grow. We know that a green 
plant is able to nourish itself, but this process is subject to 
the control of its environment. For the proper development 
and growth of a green plant oxygen,. water, carbon dioxide, a 
certain amount of light and heat and a suitable substratum are 
essential. These factors act on the plant as so many stimuli 
and it responds readily, and it must be remembered that the 
response of a plant to the factors of its environment is always 
functional. Plants do very well so long as the intensity and 
amount of each of these stimuli do not rise above or fall 
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below certain limits. For example, in plants that receive the 
optimum quantity of oxygen, light, carbon dioxide and water, 
growth is very rapid. If, on the other hand, these factors 
are below the optimum, it gi’adually decreases and may 
finally even cease. Generally the maximum and minimum 
limits of the chief factors are not close, but far apart and, 
therefore, plants growing under normal conditions are able, 
in many cases, to prolong their lives even when these condi- 
tions have undergone modification in one direction or other ; 
and if they possess powers of adaptation to changed condi- 
tions, they manage, at first, to live somehow, and later on 
they get well established. A plant that is unable to adapt 
itself to the most pronounced factor or factors of its environ- 
ment, when such factors change, becomes extinct. 

Plants growing in a particular place have to adjust 
themselves constantly to the various stimuli affecting them. 
So long as these stimuli are normal, responses on the part of 
the plant consist in mere normal adj ustment that is neces- 
sary for their ordinary activity. For example, when the 
atmosphere becomes dry and at the same time somewhat hot, 
the leaves change their position and the stomata become 
closed. But as soon as these adverse conditions pass ofif the 
leaves resume their normal position and the stomata remain 
open. If, on the other hand, the dryness increases and the 
atmosphere remains dry without returning to its original 
conditio \ the adjustments on the part of the plant must 
become most pronounced and there will also be certain 
structural changes. So whether a plant responds by ordinary 
adjustment or by adjustment along with structural changes 
depends upon the nature of the stimulus. When the stimulus 
is of ordinary intensity the plant responds by its usual func- 
tional adjustments, without any change in structure, whereas 
on the stimulus becoming unusual in intensity or nature the 
response is an adaptation, i.e., adjustment coupled with some 
structural modifications. 

In a plant it is only the vegetative organs that are affected 
to a marked degree, by the factors of its environment, and the 
reproductive organs or the parts of the flower are not at all 
influenced in any way. Sometimes the influence exerted by 
the factors is so profound as to bring about the same kind 
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of stractnral and morphological features in the vegetatiye 
organs of species of yery widely separated families. For 
example, the three species, Euphorh'a aMiqvorum-, L., 
Boucerosia umhellata, W. & A., and Opuntia Dillenii, Haw, 
though bionging to three different families have the same kind 
of vegetative shoot. Another example of this is afforded by 
the species, Limnantliemum indicum,ll\r^., Trapa hispinosa, 
Roxb., Nymphaea Lotus, L., and Peplidium humifuswn, 
Belile., belonging to four natural orders that are distant in 
affinity. The same kind of structural modification noticed in 
diverse species, genealogically wide apart, and brought into 
existence by ecological factors is generally termed a growth- 
form. For ecological classification, growth-forms are the 
units just as species form the units for the systematic grouping. 
The growth-forms of Opuvtia Dillenii, Boucerosia umhellata 
and Euphorhia antiquorum are quite characteristic of plants 
growing in a dry place (Xerophytes) and the other plants 
mentioned are aquatics (Hydi*ophytes). 

We alwaj’S notice that certain kinds of plants live only in 
certain places. For example the paddy fields everywhere 
have certain kinds of plants and shady corners, dry hill sides, 
marshes and have their own distinct types of vegetation. As 
already remarked, these distinct types indicate a harmonious 
adjustment between the plants and their environment. 

Ecological factors.— The chief factors affecting the 
plants are water, heat, light, soil, wind and associated plants 
and animals. These factors do not act singly. Many factors 
act at the same time. 

The general charact2r of the vegetation over wide areas 
is determined by the various factors included under climate. 
The factors constituting climate are rainfall, amount of sun- 
shine, temperature, the force and dhvction of the winds, and 
all these factors depend upon the geographical position, and 
altitude. In places where the rainfall is well distributed and 
the soil is capable of good drainage plants thrive well. If in 
addition to these the sunshine is good there will be a profusion 
of vegetation. In case the rainfall is not much, although other 
conditions may exist, the vegetation becomes poor and stunted. 
The unsheltered expanses are fully exposed to the winds 
and consequently plants growing on such situations must 
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necessarily suffer. The yegetation in such situations would 
mostly consist of low rlants, such as grasses and herbaceous 
plants. Trees growing in such a situation become wind 
swept and lopsided in growth or they become stunted and low 
in growth. (See figs. 441 and 442.) 


Fig. 441. A wind swept tree of Ficus glomerata^ Roxb. 

The ecological factors infiuencing plants are not few, and 
their combinations are many. Therefore the number of 
ecological societies of plants must be large. But we shall 
consider some of the most striking ones, whose character 
depends more or less upon the factor water. 

Hydrophytes or aquatic plants and their characteris- 
tics.— Of all the factors of the environment of a plant water 
exercises the greatest influence on plants. How very fax 
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reaching this influence is, becomes obvions, when we com- 
pare a submerged water plant with a land plant. An aquatic 
like Vallisnenas][)iraUs^ L., ov Hydrillaverticillata^ Casp., or 
Ceratophyllum demersum, L., is very limp and delicate and 
so, incapable of remaining erect when taken out of water. 
This flaccidity is due to want of xylem and other hard 
tissues, so common in land plants. All submerged plants 
are, more or less, alike in several respects, and this is due 


Fig. 442. A weather beaten tree of Tenn'malia Arjum, W. & A. 


to the fact that the conditions of living are more uniform 
under water than in air. Another characteristic feature of 
water plants is the possession of large air spaces in abundance. 
Both these characteristics, viz., the presence of air cavities and 
the absence of xylem tissue lead to the lessening of the 
specific gravity of the plant. Further, water being denser 
than air, by itself it will support the weight of the plant. 

A land plant gets mineral salts from the water contained 
in the soil and the gases from the atmosphere, whereas a 
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submerged plant depends for everything on water. Conse- 
quently the absorbing organs, roots and root hairs and the 
conducting tissue or xylem, so essential for a land plant, 
become superfluous in the case of aquatics. However, where 
roots and root-hairs are present, they are helpful in fixing the 
plant to its substratum. As water plants are not subjected to 
the strains due to wind and weight to which the shoots of 
land plants are exposed, the need for mechanical tissue does 
not exist, and the required support is afforded by water in a 
thorough manner. However, like roots, the shoot systems of 
aquatics are subjected to longitudinal strain caused by move- 
ment of water, and to resist this longitudinal pull, the few 
xylem elements present in the stem are found arranged 
axially, i.e., as near to the centre of the stem as possible. 

The air spaces in water plants, besides helping them to float, 
facilitate, the process of respiration. A submerged plant is 
unable to get oxygen as readily and as easily as a land plant, 
because water does not absorb oxygen in large quantities. 
The air spaces convey oxygen to all parts that are submerged. 
In the case of plants growing in salt swamps and marshes 
oxygen cannot be obtained with ease, because water absorbs 
only a limited quantity of oxygen. To overcome this 
difficulty, plants growing in salt swamps have breathing 
roots or pneumatophores. In marsh plants a special tissue 
caded aerenchyma is formed from the phellogen layer either 
in the roots as in the case of Jumkm suffruticcsa and 
Sesbania, or in the stem as in Neptunia oleracea^ etc. Some 
free, floating plants growing in stagnant water and marshes, 
have leaves with finely divided blades and this leads to the 
increase in the absorbmg surface. 

A submerged water plant is able to absorb water through 
all its parts. The epide^'mis needs no cutin and stomata are 
also unnecessary. As light passes through water on all sides 
the leaves are, like shade leaves, without any distinction into 
palisade and spongy parenchyma. The epidermis also 
contains ohloroplastids. 

The aquatic mode of life is highly advantageous for 
rapid growth, because water can absorb large quantities of 
carbon dioxide, and plenty of water, salts and oxygen also are 
available for the planh Thus favoured, these plants grow 
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rapidly, mnltiply and extend very quickly, by means of 
vegetative reproduction. 

It is a well-known fact that humidity and abundance of 
food material always tend to favour the growth of vegetative 
organs and prevent the formation of sexual organs, whereas 
dryness favours the formation of sexual organs. So in water 
plants vegetative multiplication far exceeds the sexual repro- 
duction, and some species such as Elodea and Lemna multiply 
solely by vegetative propagation. In cases where flowers are 
produced, as in Vallimeria spiralia and Hydrilla verticillata, 
special adaptations exist to bring about pollination. The 
female flowers are borne on long stalks and so they come up 
to the surface of the water to get pollinated. Male flowers 
get detached and float in large numbers, which must 
necessarily bring about pollination. 

A great majority of water plants are submerged plants. Of 
these some are free swimming and others fixed to the su])stra- 
tum. Most of the species of the order Hydrocliaridese are 
aquatics fixed to the soil and plants like Ceratophyllum and 
Utricularia, float and are carried about freely in water. 

The leaves of aquatics that are submerged are delicate and 
thin, and they show considerable amount of variation. Plants, 
growing in situations where water is always still without 
disturbance, have large leaves (e.g., Ottelia almnoides ) . The 
leaves of plants subjected to movements of water have either 
ribbon shaped leaves (e.g., Yallisneria) or their leaf blades 
are divided into small linear segments (e.g., Ceratophyllum 
and Utricularia). 

There are also some aquatics whose leaves always float on 
the surface of the water, as in Nymphjea, Aponogeton and 
Limnanthemum. The leaves are in this case thick with 
continuous margin and plenty of cuticle or wax on the upper 
side. Large number of stomata are also found on the upper 
surface. 

Lastly we have a large number of plants growing in 
marshes and edges of ponds and tanks. In all these plants, a 
portion of the shoot system is submerged and the remaining 
portion is serial. Leaves that are submerged differ very much 
from the serial leaves (e.g., several species of Limnophila), 
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The possession of serial leaves enables these marsh plants to 
grow even in stagnant pools and ditches. 

Xcrophytes or plants cf diy regie ns.— Ordinary land 
plants depend npon the soil for their water, and they do well 
so long as ther.^ is an adeqiiat supply. When a plant gets a 
liberal and uniform supply of water it produces leaves with 
large thin blad s, softer less woody i arts and very few 
protective appliances. Plants growing in thick moist forests 
are of this kind. In all tropical forests with a heavy rainfall, 
great luxuriance of veg^tation is the prevailing condition. 
If water b comes scarce in a tropical region, the vegetation 
suffers very much and it becomes stunted. 



Fig. 443. Canthkm parmflorum, Lamh., growing in a scrub jungle. 

The organization of a land plant is such as to ensure a 
regular flow of a rapid ctrrenfc of water from the roots to the 
leaves and constant transpiration from the le^'f surface. The 
structure, position and arrangement of leaves are intended to 
fecilitatie transpiration, If, for any reason, the roofs are 
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unable to absorb water freely, the plant will sniffer unless the 
transpiration that may be going on is preyented. In moder- 
ately dry places, as a rule, the plants manage to lower the trans- 
piration by various means. If the period of drought is not 
long, there will not be very great change in the plant, beyond 
mere adjustment. On the other hand, plants growing in 
places where there is a prolonged drought get modified in 
various directions, and although of widely different families 
they all become remarkably similar, and we get definite 
growth-forms. 

The xerophilous plants present ■ three types of growth- 
forms in South India. Many xerophytes have deep roots and 
when water becomes scarce in the upper layers, they go 
deeper still to obtain water from the underlying moist layers. 
At best it can only absorb small quantities of water, and this 
has to go to the leaf rapidly without much loss. Hence the 
stem is woody with very narrow cortex. 

At the same time the loss of water taking place in the 
serial part of the plant on account of transpiration should be 
minimised. So the leaves become smaller and fewer in 
number, the cutin of the epidermis becomes very thick and 
the stomata decrease in number, and instead of being flush 
with the epidermis lie deep in furrows. Cork layers are also 
formed in the stem. As an example for this we may mention 
Indigofera trita. Other plants of a similar nature are Des- 
modium biarticulatum, Indigofera aspalathoides, Justicia 
tranguebarienm and Stylosanthes mucronata. 

Another class of xerophytes is the one typified by 
Boucerosia or the Prickly -pear. Plants of this sort have only 
fibrous roots and so they are able to take in water, available 
in the upper layers of the soil. When the soil is somewhat 
moistth'es3 plants absorb water greedily and store it inside 
the plant in special parenchyma called water-tissue. As 
transpiration has to be reduced to its minimum, leaves are 
not formed and even when formed they are minute and drop 
off after some time. The stem becomes fleshy on account of 
the water storage tissue and to prevent the loss of water the 
epidermis of the stem gets a thick coating of cutin and the 
stomata are greatly reduced in number and they lie deep in 
furrows, 
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Another type of xerophyte is the one in which the leaves 
become fleshy and thick, as in Agaves and Aloes. The leaf 
instead of the stem becomes the store-house for water. All 
the arrangements that usually check transpiration are 
developed and the leaves are close set. In both the types 
represented by Agave and Boucerosia, the plants have the 
water stored in them thickened by mucilage, another device 
to check undue evaporation. 

Although the modifications in xerophytes are very varied, 
yet they all have the same purpose, viz., the prevention of 
loss of water by excessive transpiration. Leaves being the 
organs most concerned in this work they are the first to be 
affected under unfavourable conditions. There are all grada- 
tions between a normal land plant growing in shade and a 
pronounced xerophyte. 

Halophytes or plants of saline soil. — The xerophytic 
growth-forms already mentioned are evoked by a dry soil. 
Roots of these plants are unable to absorb water in large 
quantities because of the scarcity of water. There are a 
number of plants whose roots do not absorb water freely, 
although it may exist in abundance. Plants flourishing in 
salt swamps and saline soils take in water very slowly and 
sparingly, otherwise the salt in the water will poison the 
plants and ultimately lead to their death. 

Halophytes present a great similarity in habit and other 
respects to the xerophytes, and in this group we have another 
example of plants of distant affinities, in which the environ- 
ment evokes similar characteristics, so that they may become 
adapted for their surroundings. Ordinary xerophytes of the 
dry regions suffer from physical di’ought and halophytes are, 
subjected to physiological drought. In both the cases the 
effect of the environment on the plant-body is similar. So 
halophytes constitute one form of xerophytes. 

As salt water acts lethally on the plants when freely 
absorbed, halophytes are obliged to take water in small 
quantities. Arrangement for the reduction of transpiration 
is also an absolute necessity in the case of these plants. 

In South India on both the East and West Coasts we have 
salt swamps and saline flats. ' The land in close proximity 
to the sea and at the months of rivers in backwaters, get 
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submerged daily by the tide and will be exposed only at low 
water. The soil in these situations consists of clay or clay 
and sand saturated with water and reeking with foul odour on 
account of decaying organic matter. There will be no air in 
this inud . Even such a soil supports vegetation of a particular 
type,, which is called “ mangrove formation.” This type of 
vegetation is very interesting in some respects. Most of the 
plants are low trees or shrubs with their trunks and branches 
supported by numerous, crooked, irregular prop roots, as if 
on stilts. These prop roots are spongy in structure and are 
full of air spaces. Some roots have large lenticels and other 
arrangements to facilitate the absorption of air. Some species 
of plants, like Avioemiia officinalis and Sonneratia acida 
have special respiratory roots, which stand out erect above the 
ground in rows all around the trees, As the absorption of 
water is slow, transpiration must of necessity be checked 
very much. So the leaves of mangrove trees are usually 
thick, succulent with close set several layered parenchyma 
and also wilh water storing cells in some species. The seeds 
of mangrove it allowed to fall in the mud will never 'germi- 
nate. So in these plants serds germinate, while the fruit is 
still attached to the plant. The embryo plant goes on absorb- ' 
ing food material from the parent plant until it develops into 
a large seedling. The seedling in many species consists of a 
long club-shaped radicle with lateral roots and a hypocotyl 
with a short shoot. These seedlings look very much like 
long pods. When fully formed they drop off and the club- 
shape and the pointed end enable them to pierce the mud. 
Or it they happen to fall on water, they float and get stuck 
in holes at the earliest opportunity. 

As we recede from the mangrove formation we find 
number of other species of plants. In nooks and corners 
and in wet places near the backwaters the herb Acanthus 
iUcifolins grows in abundance. Here and there we find 
Pandanus lifting its head from amidst Acanthus. Further 
away in fiats that are distinctly saline we meet with several 
species of Su^edas and Salicornias, Sesuvium Portulacastrum 
and in some places Tamarix also. All these plants are either 
herbs or sbrubs, with pronounced xerophytic features. 
The ffora supported by the dry sand of the sea-shore is i 
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striking altliuugli it may merge into the ordinary scrub flora 
towards the inland. The creeping plants Cypf^rafi arrnarhts^ 
Spimfex sg^uarrosm, Lippiaiiodiflora^Iinmioea hilola, Latin- 
aea pinnaiifida are abundant though they lie scattered. On 
the West Coast we have also some trees and shrubs growing 
in such situations, such as harringtonia racemoi^a^ EiMfioiis 
tiliaceiis and Excoecarias. 



Fia. 444 Spinifdx squarrosus formation! 

Epiphytes are a group of plants living under very peculiar 
conditions. They attach themselves to other plants by means 
of aerial roots, but without abstracting anything from the 
latter. On account of this unusual position, obtaining food 
and water must be a matter of very great difficulty. But 
they have managed to overcome this difficulty in a variety of 
ways. For example, many of the epiphytic orchids and 
aroids growing in ^uth India possess aerial roots specially 
, adapted for the absorption of water. These aerial roots are 
white in appearance owing to the formation of a kind of 
sheath consisting of several layers of empty cells strengthened 
with thickenings here and there. This sheath is called 
28 -a 
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velamen and it acts as a sort of sponge in absorbing water 
rapidly, whenever there is rain. 

xYs the sources of supply of water for epiphytes are dew, 
mist or rain, it is evident that they can at best have only a 
precarious supply at long or short intervals. Therefore wo 
should expect these plants not only to be very sparing in the 
use of water but also to have arrangements for the storage-, of 
water. 



Fna 445. Sp/j/ffer 


The epiphytes also, like land xerophytes, have to endure 
prolonged droughts and consequently they have many struc- 
tural features in common. And these structural features are 
those of pronounced xerophytes. 

From what was said above, it is clear that epiphytes cannot 
live in places where the climate is very dny ; but they can live 
where the atmosphere is likely to be humid at least for some 
months. On the East Coast of South India wo do not find 
many epiphytes, but, on the other hand, on the West Coast 
they are ^ibxmd^nt, Tlie frontispiece shows a photograph of 
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a Peepul tree abounding in tlie epiphytes, Vanda Roxbarghu 
and Drynaria gtwmfolia. 

Mcsopliytes are the ordinary average plants thriving in 
a soil of moderate humidity and they avoid the soil with 
standing Avater or water containing a high percentage of salts; 
These plants occupy an intermediate position between the 
xerophytes, on the one hand and the hydrophytes on the 
other, and are abundant in i*egions where the rainfall is evenly 
distributed. 

In the previous chapters of this book we have been tleal- 
ing with the structure and function of seed plants, and most of 
it has reference only to the mesoi)hytes. The leaves of these 
plants are specially adapted for j’apid transpiration and so 
they are usually large and far more varied in form than 
xerophytes. The special tissues such as ierencliyiiia or water 
storage-tissue are not usually found in these plants. -All tbe 
plants that abound in the forests of the hills of South India 
consist mostly of mesophytes. 

The vegetation of this Presidency is most interesting as we 
find in it all kinds of formations. On the sea coast we have 
the mangrove and salt loving plants. This is succeeded by 
the sand binding xerophytic plants such as Spinifex, Ipomcea 
biloba, etc'., and this gradually' merges into the scrub jungle. 
The vegetation on the Deccan portion consists of scrubby 
jungles, and deciduous forests. All the thick evergreen 
forests are confined to the higher hills and the Western 
ghats. 
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CHAPTER XXIV 

CRYPTOGAMS— PTERIDOPHYTA 
Cryptogams 

Besides the seed plants with which we have been dealing 
so far, there are a host of plants that do not produce seeds. 
All such plants are included under the class Cryptogams, 
under the belief that the sexual reproduction in these plants 
is hidden. • Later on it will become obvious that the sexual 
reproduction taking place in both Phanerogams and Crypto- 
gams is similar in all essential respects. However, with a 
view to avoid confusion, the term Cryptogam is still retained, 
in spite of its being inappropriate. 

There is a fundamental difference between Spermatophy- 
tes and Cryptogams in the mode of their propagation. In 
flowering plants propagation is effected by means of seed, 
whilst cryptogams carry on the work of propagation by means 
of special bodies called spores. Seeds are multicellular 
bodies containing within them the embryo or the rudiment 
of a plant, which is also a multicellular body. On the other 
hand, the spores are unicellular bodies giving rise to in- 
dependent new plants which are either unicellular or 
multicellular, according to the kind of the plant. Seed plants 
also produce spores, it is true, but those spores do not give 
rise to new individuals directly. The pollen grains and the 
ovules are really spores. 

Like Phanerogams, Cryptogams also consist of an extra- 
ordinary variety of plant forms, ranging from unicellular 
organisms to plants exhibiting differentiations into distinct 
organs, such as leaves, stems and roots. 

The Cryptogams consist of the three distinct groups of 
plants Thallophyta, Bryophyta and Pteridophyta. 

The Thallophyta is the lowest group. Plants of this 
group consist of cells only, without any differentiation into 
tissues. In other words the plant body or the thallus is 
simply a mass of cells, all more or less alike. 

The Bryophyta or mosses and liverworts are somewhat 
higher than the thallophyta and have a slight differentiation 



OEYPTOGAMB—P'JBEtDOPHtTA 43 § 

in their plant ])ody, into stem and leaf, at least in the higher 
forms. 

The Pteridophyta ai-e the most highly organized plants 
amongst the cryptogams. They have their bodies differen- 
tiated into roots, stems and leaves. As the leaves, stems and 
roots of these plants have tissue differentiations which are 
similar to those found in the stems, leaves and roots of 
spermatophytes, these are sometmies called Vascular 
Cryptogams. 

Pteridophyta 

Plants included in this group differ very much, ranging 
■from very small, lowly plants to those as high as a man and 
up to thirty feet in the case of tree-fei:ns. There are also 
differences in other respects. So it is necessary to take .as 
examples four distinct plants to represent the main types. 
We shall take as examples AdianPum Capill'UH-veneris (the 
maiden-hair fern), ManUia mhiufa (the water fern), Lyro- 
•podium ceninwn (the club moss) and {^elag)Y}ella phuium 
(the little or delicate club moss). 

The Maiden-hair fern or Adiantum. — By far the most 
important gi'oup amongst Pteridophyta is undoubtedly, the 
class Filices or true ferns. The common maiden-hair fern, 
Adiantum Capillm-veneris^ found in all gardens and conser- 
vatories is a typical example of the ferns proper. In this 
plant there is a well-marked differentiation into stem, roots 
■ which are underground and leaves which alone are aerial. 

The underground stem or rhizome is perennial, and as it 
elongates and pushes through the soil horizontally, leaves 
arise from the upper and roots from the lower surface. ‘ The 
whole of the rhizome is covered by thin scale like structures 
called r amenta. Elongation of the horizontal rhizome is due 
to the growth of the apical bud which consists of the growing 
point and a rosette of young leaves all densely clothed with 
j’amenta. Branching of the rhizome is never so frequent or 
profuse as in the shoots of flowering plants. Occasionally 
adventitious buds arise and these develop into lateral 
branches. The apical growing point may sometimes become 
bifurcated and then two branches will be formed. Axillary 
buds, so characteristic of the flowering plants, are not formed 
in this and other ferns. 
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By far the most attractive part of ferns in general, and of 
the maiden-hair fern in particular, 
is the leaf. The leaf is a large one 
and it is very much divided, ■ and 
it is called a frond. The main 
petiole and its branches are black 
and shining. The leaflets or pin- 
nules are green and cuneiform. 
The venation of the leaflet is also 
very striking and quite characteris- 
tic of most of the ferns. The veins 
•branch regularly and dichoto- 
mously. Another special feature 
is the circinnate folding of the leaf 
when it is young. The growth of 
the fronds of ferns is very slow, 
and usually only one leaf dev- 
elopes into a mature leaf in one 
season. (See fig. 446.) 

Boots of the maiden-hair fern, as 
well as those of most ferns, are 
adventitious, and they resemble 
the roots of the seed-plants in every 
way. 

The stem is woody and consists of tissues usually found 

in seed plants. A trans- 
verse section of the stem 
shows a cortex, a vascular 
cylinder and pith, but 
the vascular bundles 
differ from those found 
in flowering plants, both 
in arrangement of the 
parts and in its elements. 
The xylem is surrounded 
by the phloem in the 
vascular bundles of the 

IG. 447. Transverse section of t 
rhizome of the maiden-hair fern. 

elements are tracheids 
formed of single cells and not vessels resulting from fusion 
of cells. There is no cambium. (See figs. 447 and 448.) 


• Fig,' '446'. ' ’ ' Adiantum Cap- 
'i I lus-veneris . 1 , full plant ; 
■ ; 2, the apical portion of 
; ' the rhizome. 
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The growing point of the stem has at its apex a single large 
cell instead of a group of small cells. 

The internal structure of the leaflet is not very dif erent 
from that of the bifacial type of leaf of phanerogams. In the 
fern leaflet, there is the same differentiation of chloreiichyma 
into spongy and palisade parenchyma with the epidermis 
covering the leaf-surface on both the sides. Stomata are 
most numerous in the lower epidermis. 



Pj( 5 , 448, Transverse section of a vascular bundle in the rhizome of 
a fern highly magnified. 

The Sporangia.— The edges of pinnules of mature fronds 
look as if folded under. At first these folds are not conspi- 
cuous but they become prominent later on. If these flaps 
are lifted brown spots are seen on the lower side of these 
flaps. These spots are really groups of sporangia, and they 
are called sori. Each sorus consists of a number of sporangia 
in different stages of development. The sori are connected 
with the ends of the veins. 

A ripe sporangium consists of a short stalk and a some- 
what rounded spore-case or capsule borne by the stalk. The 
spore-case contains many small spores. The spore-case is 
lens-shaped when viewed on its profile, and it consists of one 
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layer of tMn-walled cells on the sides and a ring of thick- 
walled cells called annulus, running up from the top 
of the stalk on one side over the top to about the middle of 
the other side. The cells lying between the end of the 
annulus and the top of the stalk on this side are thin- walled 
cells and hence the weakest point is there. In each of the 
cells of the annulus the inner wall and the radial walls are 
thickened, whilst the outer and side wallsh'emain thin. (See 
figs. 449 and 450.) 



Fig. 449. Adimtum CapilluH-venem, 1, a pinnule; 2, flap turned over 
to show the sori ; 3, section through the flap showing the sporangia. 


The bursting of the sporangium when it is ripe is due to 
the peculiar behaviour of the annulus. So long as the 

sporangium is young, 
all the cells contain 
water and they will 
all be turgid. But as 
it matures the amount 
of water begins to de- 
crease in all the cells. 
By the diminution of 
water the cells of the 
annulus will be affect- 
ed. In consequence 
of the escape of water 
the thin walls of the 
annulus begin to shrink and pull the radial walls close 



I'lG. 450. Adiantnm Capillus-veneris. 
1, sporangia ; 2, spores ; 3, prothaUus. 
An, antheridia ; Ar, archegonia. 
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together in every cell. If all the cells are subjected to this 
shrinkage and pulling together of the thickened wall, the 
annulus must tend to shorten as a whole and this must 
necessarily cause the splitting of the capsule at the weakest 
point. As the lateral portions of the capsule consist of thin- 
walled cells, the splitting will extend from the weakest 
point to its lateral membranes. Then the annulus, becomes 
almost straight, when the tension becomes still less, carrying 
with it the upper portion of the capsule with a considerable 
number of spores. . Gradually the cells of the annulus get 
filled with air and finally the annulus returns to its original 
position with a quick jerk. This very rapid -snapping back 
to its former position throws out the spores to a considerable 
distance. 

If sections of the pinnules across the flaps are examined 
sporangia in various stages of development may be seen and 
they would be found to be connected with the prolongations 
of the veins. (See fig. 449.) When very young the sporan- 
gium consists of a mass of cells all similar. As development 
progresses changes take place in the mass of cells within the 
capsule. A mass of cells becomes differentiated into spore 
mother cells in the centre and these are surrounded by layers 
of cells which function as nutritive cells. Gradually the 
nutritive cells are absorbed, and the capsule will ultimately 
consist of the wall of the capsule and the spore mother cells 
within. Each spore mother cell becomes divided into four 
free spores. , When the sporangium is mature, the spores lie 
loosely within the capsule and the annulus would be well 
differentiated and developed. The formation of spore mother 
cells, and their further development are exactly similar to the 
formation of pollen mother cells and pollen grains in the 
pollen sacs of anthers. As a matter of fact, the pollen grains 
are really spores. 

Gamctophytc or the Prothallus. — The spores of this 
fern, as well as of other ferns, are very small and light, and 
consequently capable of floating in the atmosphere like dust. 
When spores are sown on moist earth, or on brick, or pieces 
of tile standing in water, and kept in moist air, they germi- 
nate and form small green, thin bodies called prothallia. 
The prothallus when fully formed is somewhat rounded 
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with a broad and deep depression in the front. It becomes 
fixed to the soil or substratum by means of long delicate 
unicellular prolongations called rhizoids. As a rule this 
prothailus is one cell thick, except in the middle which is 
somewhat thicker and consists of more than one layer of 
cells. This thickened part is called the cushion. 

The prothallia bear on their lower surfaces two sets of 
organs called anthendia and archegonia. The antheridia 
are usually found towards the base of the prothailus amidst 
the rhizoids. They are small outgrowths consisting of a 
mass of cells enclosed by a wall of one layer of dome-shaped 
cells. The central mass of cells develops into antherazooids 
or sperm-cells. When the antherid is mature, its wall 
bursts at the top, setting free the spirally-coiled sperm-cells, 
provided with many cilia. These sperm-cells move about 
freely in water. 

The archegonia are found somewhat close to the depres- 
sion in front of the prothailus, and a little to the front of 
the antheridia. Each archegonium consists of a short neck 
bent over and away from the growing point and a flask- 
shaped portion or venter immersed in the body of the 
prothailus. It is the neck alone that protrudes and projects 
beyond the surface of the prothailus. The neck has canal 
leading into the venter in which the egg-cell lies. 

The sperm-cells are attracted to the mouth of the 
archegonia by the mallic acid in the mucilaginous sub- 
stance present in the neck-canal. They are caught in the 
viscid substance lying at the broad open mouth of the neck 
of the archegonium. Working its way through the neck- 
canal the sperm-cell reaches the egg-cell and fuses with it. 
The single cell resulting from the fusion of the egg-cell and 
the sperm-cell begins to divide repeatedly and finally 
developed into the ordinary fern plant. 

The life-history of a Fern. — The life history of the 
maiden-hair fern or other true ferns is very interesting. 
The ordinary fern plant is the one which produces the 
spores and hence it is called the spore-bearing plant or the 
sporophyte. From the spores prothallia develop and on 
the prothallia appear two kinds of organs producing the 
sexual cells called the egg-cell and the sperm-cell. The 
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fusion of the s,. perm-cell with the egg-cell is the sexual i‘e- 
production. So the prothallns is an individual plant leading 
an independent life and containing the sexual organs. It is 
for this reason that this is called the gametophytc or the 
sexual plant. 

Thus it is seen that in the case of a fern plant there are 
two generations of plants, one coming after the other in 
regular alternation. The sexual generation is a very small 
inconspicuous plant, whereas the spore bearing plant is a 
large one. This alternation of generations occurs in almost 
all Pteridophyta. 

Ferns are found growing in astonishing profusirm and 
variety upon moist rocks, trunks of trees, as well as upon 
the earth in mountainous districts where the rainfall is high. 
Being shade-loving plants they ai’e usually confined to 
shady banks, nooks and crannies, where there is an 
accumulation of humus soil. In habit the ferns vary very 
much. They are erect or creeping, some form thickets and 
others are climbers. 

Marstlta or Water-Fery 

The common aquatic or marsh weed Mamlia minuta, 
L., is a fern, although at first sight it does not look like a fern. 
It has a horizontal creeping stem bearing leaves above and 
roots below. The free growing tip has an apical cell which 
gives rise to three or four rows of cells by repeated* division. 

The leaves are circinnately folded when youug, as in 
the case of ordinary ferns and they have long stalks bearing 
peltately four cuneate leaflets. 

As in Adiantnm spores are formed in Marsilia also 
within the sporangia. But the spores are of two kinds, one 
small and the other very much larger. The small spores or 
microspores as well as the larger or megaspores are formed 
within sporangia. Those sporangia that contain megaspores 
are termed megasporangia and those with microspores, 
microsporangia. The sporangia are collected together in 
sori, each sorus having a few megasporangia and a number' 
of microsporangia. There are usually a number of sori 
arranged on the two sides within a bean-shaped body 
Called sporocarp. Sporocarps are very hard bodies ^nd 
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■when mature they split and from within a mucilaginous 
ring comes out bearing on it a large number of sori couvsist- 
ing of both megasporangia and microsporangia. (See hgs. 
45,2 and 453.) 



Fig. 451, Manilia mmuta.lj. 1, full plant j 2, sporocarps. 

These bodies are very hardy and they are said to retain 
their vitality for a very long time. It is said that sporocarps 
found on herbarium sheets or kept in spirit will often begin 
to show activity. 

The drawing in fig. 453 was made from a sporocarp 
collected in 1915 by Professor Chamberlain. A few sporo- 
carps were given to me by Dr. Sampathkumaran of Bangalore. 
They were put in water and the gelatinous stalk was out in 
fifteen minutes. 

The microspore germinates, but the male gametophyte 
does not come out of the spore. As a matter of fact the 
gametophyte is ejctr^mely small, consisting of only one 
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vegetative cell and a single antheridinm which gives rise to 
a number of sperm-cells or antherozoids. Each antherozoid 
is a spirally coiled body with cilia on the lower coils and 



Fui . 452. Manilia miimta, L. 1 , sporocsarp burst open and with sori 
on a gelatinous stalk 2, sorus ; microsporangium ; 4, mega- 
sporangium; 5 aid 7, germinating megaspores, showing the 
prothallus and the sperm cells ; 0 and 8, germinating microspores, 



Fig. 453. Manilia, Sp. 1, sporocarp burst open and with sori on a 
gelatiuops stalk ; 2, gorus ; 3, megaspore ; 4, microspore, 
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haying none on the upper. The female ganietophyte or 
prothallium is also yery^mnch reduced and it does not 
emerge from the megaspore. Within the spore is found a 
large cell serying as a nutritive cell and on the top of it is 
deyeloped a single archegonium. (See figs. 450 and 451.) 

The internal structure of the leaves, stems and roots is 
more or less similar to that of the leaves, stems and roots of 
ferns. 



Fig. 454. Manilla minuta, L. 1, megaspore; 2, microspore ; 
megaspore after ferilisation and with embryo formed in it. 

The most striking feature of this water fern is the posses- 
sion of the two kinds of spores, megaspores and microspores 
(heterospor^O , which are enclosed in megasporangia and 
microsporangia respectively. Further these sporangia are in 
rows of sori and these are enclosed in sporocarps. The 
sporocarps usually arise from the base of the leaves. 

Besides the species MarsiNa minuta, which is of very 
wide distribution, there is another one if. Goromandelica 
which is also of common occurrence. This can be recognized 
by the larger leaves having no toothed margins. 

Lycopodium or Glub Moss. 

Lycopodium cernuum may be studied as' a type of this 
group. This plant has a prostrate stem running for con- 
siderable distance either just on the surface amidst rotting 
leaves and humus or beneath the soil. Numerous secondary 
branches arise and all of them are closely covered by a large 
number of small leaves.- Some of these branches bear at 
their free ends somewhat club-shaped bodies, called cones, 
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A cone consists of an axis with close set small leaves, which 
are, however, slightly larger than those on the axis below. 

In the axils of all the leaves of a cone sporangia are found, 
but not in the axils of leaves in other parts of the stem. 
Since the leaves of the cone have sporangia, they are called 
sporophylls or spore-bearing leaves. In this plant the 
leaves are thus differentiated into sporophyll and ordinary 
foliage sterile leaves. There are a few species of Lyco- 
podium in which all the leaves have sporangia in their axils 
without any differentiation. 



Fig. 455. Lycopodium. 


The spores in the sporangia are all of the same kind and 
hence this planb is called hombsporous. The spores are so 
small and so abundant that they form a fine powder which 
is of some commercial importance. This lycopodium 
powder is used in coating pills and in pyrotechnics. The 
spore gives rise to a profhallus which is usually tuberous and 
underground. Ordinarily the prothallus is perennial and in 

39 
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^ome species, it remains entirely underground whilst in 
others an aerial lobed portion usually greenish in colour is 
formed on the top of the tuberous part. Antheridia and 
archegonia are formed in this lobed aerial portion or in the 
underground portion yrhen no aerial portion is formed. 


SELAGINELLA or LITTLE CLUB-MOSS 


Selaginellas are met with in the plains on the West Coast, 
and on the hills they form a most attractiye feature, of the 
forest Yegetation. They are grown in gardens on account of 
their beauty and for their decorative effect. 

We may choose for study Selaginella plumosa, a species 
fairly common in South India. If this is difficult to obtain, 



Selaginella inegmlifolia which is largely cultivated in the 
conservatories and gardens may be substituted. This plant is 
a delicate one with a creeping habit. The stem branches 
freely and the branches are covered with many small leaves 
arranged in four rows of two sizes. Two rows of larger 
leaves are below and two rows of siPaller leaves are 
above, ' 
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The stem branches dichotomously at intervals more or 
less unequally, and the branching is never axillary as is the 
case in flowering plants. From below the stem where it 
forks springs a naked greenish or white root-lik^ structure 
called the rhizophore.and this on reaching the soU developes 
roots at its free end. (See fig. 456.) 

In fully grown plants at the extremities of some of the 
branches are found cones. In the cones the leaves are all 
alike and they are arranged evenly round the axis overlap- 
ping one another. 

In the axils of the leaves of a cone sporangia are found. 
In the axils of the leaves towards the upper portion of the 
cone microsporangia are found. These contain a large 
number of microspores which are liberated by a slit across 
the top of the sporangium. The sporangia borne by the few 
leaves at the base of the cone in theit axils are megasporangia 
containing four megaspores in each. 

The megaspores are large and they have very thick walls 

and with reticu- 
lations. On one 
side of this spore 
three radiating 
ridges are visible, 
and it is here, 
that the spore 
bursts open. At 
first though large, 
the spore consists 
of only a single 
cell and as the 
spore matures it 
divides and a 

comes into exist- 
ence. When a 
spore falls on a 
suitable place it 
bursts where the thick radiating lines meet, and the tissue 
inside grows out through tjie opening to a certain extent, 
29-A 



Fig. 457. Selagmella plumom, 1, a porti 
of a branch ; 2, the portion of the brar 
bearing sporangia ; 3, megasporangin: 
4, microsporanginm ; 5, megaspo] 

6, microspore. 
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without protruding Tory much. It is on this part that 
archegonia arise. 

The mi'crospores consist of a few cells and most of them 
except a few peripheral ones become changed into anthero- 
zoids, which are biciliated slightly curved bodies. After 
fertilization the oosperm developes into an embryo and then 
this develops into a seedling. In Selaginella also there are 
two stages of the plant, and there is the regular alternation 
of generations as in the case of the Ferns. But this plant is 
heterosporous and the prothallium is unisexual, and it never 
leaves the spore. 

All Pteridophytes have an independent sporophyte or 
spore-bearing plant with well developed stems, leaves and 
roots. In all its parts there is differentiation of tissues into 
different kinds usually found in seed plants. Amongst 
leaves, most of them are sterile foliage leaves and a few 
become changed into sporophylls or spore-bearing leaves. 
In some plants the sporophylls do not materially differ 
from the sterile leaves, whilst in others they look different 
and are aggregated together at the extremities of branches 
as cones. Some plants are homosporous and others heteros- 
porous. The prothallium is an independent sexual generation 
resulting from the germination of the spores and bears the 
sexual organs. In the case of homosporous plants the 
prothallia are quite independent plants and in heterosporous 
forms the prothallia develop within the spores and never 
emerge from them. 

Selaginella may be considered to be a form leading from 
Pteridophyta to seed-plants. The microspores and mega- 
spores of this plant are homologous respectively with pollen 
grains and ovules. In seed-plants the pollen grains alone 
get detached from the sporophyte. In Selaginella, on the 
other hand, megaspores as well as niicrospores are shed 
before germination and are not borne by the sporophyte. 
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CHAPTEE XXV 

THE MOSS PLANT 

Mosses are the simplest land plants occurring everywhere 
massed together in clumps or cushionlike masses. They 
grow on tree trunks, logs, rocks and in the soil. Many of the 
mosses dry up and revive again when moisture is available. 



Fig. 468, A Moss plant. 1, the moss plants, male and female ; 

3, the spore capsule and lid ; 4, spores. 

A moss plant is an erect, low, green plant having a very 
slender small stem covered all round with small green leaf- 
like structures. These structures although called leaves are 
not really leaves and they do not in any way correspond to 
the leaves of flowering plants. (See fig. 458.) The so-called 
leaves are spirally arranged round the stem and they consist 
of only one layer of cells except in the midrib. The stomata 
so characteristic of the leaves of flowering plants and ferns 
are absent. 

These plants have no true roots, but send into the soil 
elongated hairs, called rhizoids. A large number of rhizoids 
are found at the base of the stems. (See fig. 458.) 
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Branches arise as adventitious structures from the lower 
portions of stems and never from the axils of leaves. 

The leafy moss plant is the gametophyte bearing anthe- 
ridia and archegonia. These sexual organs are usually borne 
by the plants, at the top of the shoots amongst leaves, which 
are usually crowded very much and somewhat larger than 
the leaves below. In some species both antheridia and 
archegonia are found on the same plant, and in others on 
different plants. The antheridia are club-shaped bodies 



Fig. 459. Antheridia of a 
moss.* 1, antheridia at 
the end of a branch j 
2, an anltheridium. 



Fig. 460. Ajcchegonia of 
a moss. 1, arche- 
gonia at the end of 
the branch] 2, a 
single archegonium 
in section. 


developing in large numbers towards the ends of shoots 
amidst a number of peculiar hairs. (See fig. 459.) An 
antheridium consists of a thin wall of large flat cells enclos- 
ing a large number of cells which develop into antherozoids. 
Mucilage is formed within and this swells by absorbing 
water and bursts open the antheridium at the top. 
Thousands of sperms or antherozoids escape. Archegonia 
also are found at the free ends of stems mixed up with hairs. 
An archegonium consists of a flask-shaped body and a fairly 
long neck. 
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After fertilization the egg-cell grows into a small elon- 
gated structure whose lower end becomes sunk in the tissixe 
of the tip of the shoot. Then as this embryo grows, the 
lower flask-shaped body of the archegonium also grows. 
Very soon the embryo begins to elongate into a long stalk- 
like body carrying with it the upper portion of the arche- 
goninm which gets ruptured at the middle of the Tenter. 
Towards the free end of this rapidly growing stalk-like 
embryo, there arises a capsule-like structure which is hidden 
beneath the archegonial portion which is more or less like 
a fool’s cap (calyptra). This stalked body or sporogonium is 
the sporophyte generation of the moss plant. .Cn Pteridophyta 
the conspicuous well developed large plant is the spore- 
bearing generation, but in the moss plant it is a small one. 
Further instead of gi’owing as an independent plant, it is 
dependent on the sexual plant and derives nourishment for 
its development from the gametophyte. 

When fully formed a sporogonium consists of a stalk and 
a capsule. On removing the cap at the top of the capsule is 
seen a lid which comes off easily. The mouth of the capsule 
hears a row of teeth radiating inwards from the rim. The 
teeth are hygroscopic and so in dry weather they bend 
upward and allow the spores to escape and in moist weather 
they all bend down and close the cavity of the capsule. (See 
fig. 458.) 

The spores are very small and on germination they 
develop a tangle of very fi[ne small green threads. Buds 
develop on these threads called protonema, and these 
develop into moss plants or the sexual generation. 
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GHAPTEE XXVI 

THE LIVERWORT 

Like mosses liverworts also are of no economic importance. 
They flourish in ditches, beds of rivers, on protected rocky 
ledges, and in fact, in any place where there is enough 
moisture- They do not generally attract our attention very 
much as they flourish in nooks and corners. 

We may choose as an example of this group of plants' 
Marchantia polymorpha. This plant occurs in all parts of 
the world, and it is easily procurable in all stages of its 
development. 

The thallus or the plant body of this plant is a dark greeri 
ribbon-shaped flat plate which goes on growing forward and 
branching dichotomously. Very often these liverworts form 
large continuous patches covering the ground like a carpet. 
The older portions of the thallus may die, leaving the 
younger parts to develop as independent plants. 



Fio. 461. Marchantia polymorpha', male and female plants. 

When fully mature the thallus is about two centimeters in 
breadth and it has a midrib in the middle, h'tasses of 
rhizoids arise from the midrib on the lower surface of the 
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prostrate thallns, and these fix the thallus to the ground. In 
addition to these rhizoids, two longitudinal rows of scales 
consisting of a single layer of cells are borne by the thallus, 
on the lower side, one on each side of the midrib. 




Fig. 462. Marchantia pohjmorpha. Section of the thallns showing 
the air chambers and the ventral portion, rhizoids and scales. 1, 
the whole thickness of the thallus with rhizoids and scales j 2, the 
dorsal portion only showing the air chamber and the air pore. 

The dorsal side of the thallus is provided with a large 
number of air chambers roofed over by the epidermis. These 
chambers appear as rhombic areas even to the naked eye. 
In the case of each of these diamond shaped areas, there is a 
pore leading into the interior of the chamber. The roofing 
membrane of the chamber in which there lies a pore is the 
epidermis. The air-pore is in , the form of a short canal 
bounded by tiers of cells. (See fig. 462.) From the bottom 
of each of these air cliambers several rows of cells containing 
chloroplasts arise. The development of these chlorophy lions 
cells in short rows leads to an increase of the assimilating 
surface, and these cells are also placed in direct contact with 
the atmospheric air by means of the air- pores. These 
elaborate structural adaptations enable this liverwort to carry 
on the photosynthetic work as vigorously and as efficiently 
as the higher land plants. The cells forming the bulk of the 
ventral part of the thallus are usually colourless, though a 
few sinall chloroplasts may be found scattered within these 
cells here and there. 



458 


MANUAL 0^ ELBMEljfTABY B6^A^^t 


The rhizoids are tubular prolongations of tlie epidermal 
cells and their chief use is to fix the thallus to the ground. 
Water is absorbed mostly by the plant body itself, as it is 
spread out and is in direct contact with the moist substratum. 

In the region of the midrib and on the upper surface of 
the thallus some small cup-like structures are occasionally 
produced. Within these cup-like outgrowths or cupules as 
they are called numerous oval shaped, flat, budlike bodies 
are formed. These bodies are called gemmae, and each of 
them is capable of developing into a plant. 



Fig. 463. Marchantia polymorph a 
A portion of the thallus with 
cupules. 1, a portion of the thal- 
lus showing a cupnle; 2, the 
cupule cut through ' 3 3, gemma. 


The thallus of Mar- 
chantia corresponds to 
the prothallus of a fern 
although its structure is 
more complicated than 
that of a fern. Like the 
prothallus, the thallus 
of Marchantia bears the 
sexual organs and so 
this is the sex bearing 
plant or the gameto- 
phyte. There are two 
kinds of plants, male 
and female, and thesi 
are shown in fig. 461. 
In the male plant the 
disc-like bodies borne 
by the stalks are recep- 
tacles containing many 


antheridia. The receptacles are somewhat circular and their 
upper surfaces have radiating furrows. There are minute 
openings which lead into flax-shaped cavities in which the 
antheridia are lying. 


The archegonia also are borne by special stalked star- 
shaped receptacles. These receptacles are deeply lobed, and 
the lobes are cylindrical. The archegonia are found in rows 
in the furrows between the lobes and they are similar in 
structure to those of the mosses. The egg-cell lies in the 
lower portion or the venter of the archegonium and the neck 
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cells disappear leaving the passage clear for the entrance of 
the sperm cells. 

After fertilization the egg-cell grows, divides into a mass 
of cells, and this mass of cells ultimately develops into a 
stalked capsule filled with spores. The sporangium and its 
stalk is the spore bearing generation or the sporophyte, 
corresponding to the fern plant which bears spores. The 
sporophyte of the liverwort has an absorbing organ called 
“the foot” which is attached to the receptacle. A number 
of sporophytes appear on the receptacles. So a gametophyte 
produces a number of sporophytes. 



Tig. 464. MarcJiantiu poly- 
morpJia, Section of a 
receptacle showing the 
antheridia; one antheri- 
dium is separately shown 
on a larger scale of magni- 
fication. 



Tjg. 465. Marchantia 
polymorpha. The 
female receptacle 
showing the row of 
archegonia 1 , a row 
of archegonia ; 2 , an 
archegoninm 3 3, 

young sporangium j 
4, dehiscing sporan- 
gium 3 5, elater and 
spores. 


The sporangia burst open irregularly and the spores are 
exposed. Within the sporangium, in addition to the spores » 
curiously elongated fibre-like cells having spiral thickeiiings 
are formed. These are called claters. By their hygroscopic 
movements, these elaters loosen the spore masses and help in 
dispersing the spores. The spores give rise to the gameto- 
phyte or the sexual generation. 



460 


MANtJAL OB' ELEMENT?aM BOTAKY 


Anotlier liverwort fairly common in the plains, namely, 
Biccia sanguinea, Kashyap ; may he taken as the next 
type of this group of plants. This liverwort is circular in 
shape lying flat on the wet surface being attached by the 
rhizoids. The thallus is ribbon-shaped, short and the 
branching is dichotomous. As the growth of the thallus 
takes place radially in all directions the plant is circular. 
(See fig. 466.) 

These plants are green at first, but sometimes when old 
become reddish in colour. Th^” thallus 
is very simple and uniform in structure. 
All the cells are more or less alik,e' and 
contain chloroplasts. The anthei^idia 
and archegonia occur on the same plant. 
Fig. 466. Eiccia sporophytes consist of only | the 

sanguima, Kash. spherical sporangia without s4lks 
imbedded in the thallus. 

Another inconspicuous liverwort, Anthoceros Icevis may 
also be examined. This 
occurs as small green irre- 
gular patches amidst grass 
soon after the rains. The 
thallus is simple in structure 
and rests more or less like 
Riccia on the substratum. 

generation. The sexual 

■ archegonia and 

antheridia, are found upon 
the upper surface. After 
fertilization sporogonia are 
developed and these bodies differ from the sporogonia of Riccia 
and Marchantia. The sporogonium of Anthroceros is a slender 
elongated body, bearing spores in several cavities. On the 
surface of the sporogonium air spaces, chlorenchyma and 
stomata with guard cells occur. The sporogonium is the 
sporophyte generation and it is capable of making its own 
food though it is dependent on the gametophyte for water 
and salts. 



Fig. 467. A portion of the 

1, thallus; 2, section with 
sporocarps; 3 and 4, spores. 
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The life cycle of all liverworts consists of the two genera- 
tions gametophyte and the sporo- 
phyte, one alternating with the 
other regularly. The gametophyte 
is invariably the more conspicuous 
generation, the sporophyte always 
appearing as an appendage of 
the gametophyte. But we have 
already seen that the gametophyte 
I'lO. m.^^^ AntlmeroH jg gjj^all and inconspicuous though 
independent and that the sporo- 
phyte is independent and very large in the ferns. 




G. ■ 4G9. The life cycle of a Hverwort. 
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CHAPTEE XXYII 

ALG^ 

The alg^ live mostly in water or in damp situations on 
the land. The green scum and the tangles of green threads 
lying on the surface of the water or near it are all algse. All 
the green pond scums' and green, ^laments found in fresh 
water are called Green Algae. They are most diverse in size, 
form and habit. Whatever their form and size, all of them 
possess well differentiated cells containing bright green 
chloroplasts. The filamentous algae are made up of rows of 
green cells. Others consist of green cells variously arranged 
or of only a single cell. 

Pleurococcus 

As an example of algae of the simplest structure, we may 
examine the plant which forms green patches on moist 
bricks, walls, flower pots and barks of trees. In dry weather 
these patches consist of somewhat dark green powdery 
substance and when moist they become bright green. If a 
small speck of this green coating be examined under a 
microscope, several minute plants of various kinds will pro- 
bably be seen. Some of them are very small, round, green 
cells, and they are either single cells or two, four, or more cells 
aggregated together. This plant is likely to be most abundant 
and it is called Pleurococcus vulgaris. 

The single cell is really a separate individual plant. 

Although it is very minute, 
the diameter being about 
1/2000 inch, it is capable of 
independent existence. 
There is a cell-wall enclosing 
the protoplasm, in which is 
imbedded a chloroplast. 
single cell; 2, two cells; Very often the chloroplast is 

3, colony of three ceUs. jobed. WitMn the proto- 

plasm a nucleus also can be made out, but only by special 
treatment of the cell, 
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Considering the habitat of Pletirococcus it is obvious that 
it is exposed to dry as well as moist conditions. It has also 
to endure extremes of temperature. When water is available 
these plants grow rapidly, and also multiply rapidly. Under 
dry conditions growth is at a standstill and the plants, as it 
were, remain in a resting condition. The green patches 
during dry hot weather retain the same size, but in moist 
weather there is very rapid extension of these patches. These 
plants obtain water and also carbon dioxide, and they contain 
the chloroplast. So they are able to carry on the work of 
photosynthesis. All the nutritive processes taking place in 
green higher plants go on also in these small plants. Eespira- 
tion also goes on. As the amount of water and salts needed 
for them is so very small in quantity, they manage to get 
everything they want even in their habitat which is not very 
favourable. 

Each individual, as soon as it attains its adult size, begins 
to divide and form two cells. If these two daughter cells 
separate, each becomes a separate individual and assumes a 
globular form. But very often, instead of separating, they 
remain together forming a colony of two cells. By further 
division the colony may come to consist of three, four, or 
more cells. When the cells form a colony, the sides in 
contact become somewhat flattened. 

Pleurococcus is found all over the world. When the 
habitat of this plant becomes dry, the patches become powdery 
and then it is easily caught up by the wind and wafted away, 
in all directions. This is why it is cosmopolitan in its 
distribution. * 

This plant is of special interest as both its structure and 
life history are alike very simple. All the life processes 
essential for the well-being and growth of a plant are carried 
on by these plants. Further all higher plants are un- 
doxrbtedly descended from unicellular green algae similar tc 
the Pleurococcus. 

Our next example of green algse is Spirogyra. The 
slender, long, somewhat slippery green threads forming j 
part of the green tangles on the surface of water in stil 
ponds and tanks ape species of Spirogyra, 
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When yiewed under a microscope it is very attractive on 
■account of the’ beautiful green spirals found inside the 
filament. 'These' filamentous plants are called Spirogyra, 



Fig. 471. Spirogyra. 

because of these spiral bands which are really chloroplasts. 
Bach filament' consists of a row' of cells placed end to end. 
The cells ar.e‘ cylindrical 'and are longer than broad. The 
cell wall is fairly thick and the transverse partitions between 
the cells are straight.' .The terminal cell in a filament has its 
free end rounded. In the centre of the cell lies the nucleus 
which is swung as it were by fine threads of cytoplasm 
connecting the cytoplasm around the nucleus with the 
peripheral layer of cytoplasm. The nucleus is generally not 
easy to see, as the chlorophyll bands usually lie above the 
nucleus. In a species of spirogyra in which the spirals are 
not close, the nucleus is readily visible. 



'Fra. 472. • Spirdg^ j two' cells very much magnified. 

The chlorophyll bands occupy the peripheral portion of 
the cell' and the 'Spiral bands iii the cells vary in number 
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according to the species. In some species there is only one 
spiral, in others two ; three or more spirals also occur. These 
bands are fairly broad with irregirlarly notched edges. At 
intervals, in these bands, we find small round refractive 
bodies called pyrenoids. Around these pyrenoids the starch 
grains accumulate forming a kind of jacket. 

All the cells in a thread are alike and every one of them 
is capable of division and growth. At first the nucleus 
divides into two and afterwards the cell divides. It is by 
cell division and growth of these cells in length that the 
filaments become longer. Sometimes the spirogyra filaments 
get broken, and these broken fragments are capable of 
elongation. By repeated breaking and growth the filaments 



Fra. 473. Spirogyra filaments in different stages of conjugation. 
A, filaments in which processes are just forming ; B, the processes 
fused ; 0, the contents passing into the other cell and fusing D, 
zygote. 

may go on increasing in number. This vegetative mode 
of multiplication is quite common in the case of spirogyra. 
In addition to the vegetative propagation, it reproduces 
itself by a kind of sexual reproductive process called 
conjugation. If old discoloured threads are examined, 
there will be found some threads which arc in pairs, the two 
being connected together by tubes passing from a cell of one 
filament to another cell opposite to it in the other. ^ In the 
cells of one of the filaments oval bodies wifi be seen, while 
30 
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the other filament -will have none in its cells. These bodies 
are zygotes and each zygote germinates and develops into a 
filaipent of spirogyra under favourable conditions. From 
the fact that in the connected filaments only one bears the 
zygotes, we have .to infer that the zygotes are formed by the 
fusion of protoplasm of two cells. 

The process of conjugation takes place in spirogyra in the 
manner described beloAV. Two filaments come together and 
lie parallel. The cells put forth small processes in both the 
filaments simultaneously. These processes from two 
opposite cells meet, and a free passage is formed from one 
cell into the other. The protoplasm in the cell, at the same 
time? shrinks away from the wall. Then it begins to move 
towards the connecting tube, and a portion of it with one end 
of the chlorophyll band gets into the tube. Similar changes 
take place in the protoplasm of the other cell, lying opposite 
to the oe]i whose protoplasm has found its way to the tube. 
Finally the whole of the protoplasm passes through the 
connecting tube and goes over to the other cell. Both the 
masses of protoplasm fuse and the zygote is formed. 

On account of the fusion of two masses of protoplasm 
this is to be considered as ^ kind of sexual act. The filament 
in which the zygote is formed, being passive it may be 
considered to be the female, and the other filament from which 
the protoplasm moves into another filament to be the male. 

The spirogyra also is as simple as the pleurococcus in its 
mode of life. Though the cells are united together in rows, 
every oue of the cells can carry on its functions quite 
independently, the only difference being a slight advance 
in the matter of propagation. In spirogyra in addition to 
the vegetative propagation, there is also the sexual mode of 
reproduction, the conjugation. 

, . Another interesting alga, Botrydmm. gramdatum, grow- 
ing on moist earth may next be considered. This plant 
occurs in masses in the clay of drying up ponds, ditches or 
flooded plains. 

The plant is unicellular and consists of a small balloon- 
shaped green aerial portion, about the size of a pin’s head and 
an. underground portion consisting of numerous white 
branches, formed by repeated forking. Although unicellular 
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like Pleurococcus, this is comparatively very much larger than 
that plant and shows a certain amount of differentiation. 
The «rial part is green and somewhat rounded and the 
underground part is white and 'branched very much. This 
may be considered as a physiological differentiation into root 
and stem, seen in higher plants. The cell has protoplasm in 
it, but instead of one nucleus, it possesses several nuclei 
embedded in the thin layer' of protoplasm lying near the cell 
wall. Numerous chloroplasts also occur in the protoplasm. 
The aerial part being green can carry on the work of 
photosynthesis, and the underground white branched portion 
absorbs water and mineral salts. 



Fig. 474. Botrydium grauiilatiim. 1, a colony ; 2, a single 
individual plant. 

The propagation of this alga is by means of small motile 
bodies called zoospores. When submerged under water, the 
inflated aerial portion produces inside a large number of 
imiciliate zoospores. These zoospores may either germinate 
immediately or become resting spores. If the aerial portion 
instead of being under water, be exposed to drought, the 
contents retreat into the branches lying in the substratum and 
become changed into a large number of non-motile spores. 
Sometimes a small bud is formed from the aerial portion and 
this grows and produces branches which find their way into 
the soil and then gets separated from the parent and becomes 
an independent plant. 

30-A 
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Besides tlie green algae there are algae flourishing in water 
as bluish green scums, especially where organic matter is 
abundant. They impart to the water a very offensive smell. 
These are called bluegreen algae, and the plant body consists 
of single cells or colonies of cells or of threads. The main 
difference between these and the green algae lies in the 
chloroplasts. In the blue green algae no chloroplast is present, 
the blue-green colour being.due to a liquid diffused through 
the protoplasm, whilst it is present in the. green algae. 

In sea water also some algae- occur. ■ These are called 
Brown or Eed Alg^ according to., their colour. They are 
most varied and assume large sizes and spread wide. , 

The green algae is more advanced than the blue-green 
algae. Although the lower forms are unicellular, the higher 
forms are multicellular, some forming flat plates and others 
filaments. In some cases there is no differentiation of cells, 
but in the higher forms, some cells alone are capable of 
producing spores or sexual cells. - The sex cells are similar in 
some and in others they become dissimilar, thus leading to 
the next higher group Bryophyta. 
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CHAPTER XXyill , , ' 

FUNGI 

The fungi form' -a very large group of Thallopbyta. 
There are many kinds of fungi, such as the moulds, -mildews; 
rusts, smuts, toadstools and mushrooms. . , . 

The most striking feature of the fungi is its mode of 
nutrition. They are lacking in chloroplasts which ^are 
abundant and are so characteristic of the algae and higher 
plants and, therefore, fungi are unable to make their own 
food. As a rule these plants are dependent on other plants 
or animals for their food. Some of them obtain their food 
from living organisms and they are called parasites, while 
others depend upon ’the dead remains of plants or animals 
or upon products produced by them for their food and they 
are termed saprophytes. 

From an economic point of view the fungi are most 
important, because most of the plant diseases are caused by 
them. Now a days a considerable amount of attention is 
bestowed on the study of these plants as to their life history. 
For controlling the disease, a knowledge of the plant bodies, 
mode of reproduction and how they use their hosts is 
essential. Without this knowledge it is not at all possible 
to check the disease from spreading, and much less to 
eradicate the disease. 

Rhizopus Nigeicans 

The bread mould Ehizopus 7%igricans may be taken as our 
first example of fungi. This is a saprophyte occurring 
commonly on bread, although it occurs on fruits, such as 
plantain. When a piece of wet bread is kept in moist air 
under a bell-jar for a day, a white fluffy tangle having a 
coh-webby appearance forms on its surface. This fluffy mass 
is the plant body of the fungus. This is made up of a large 
number of white threads running in all directions, some 
horizontally, a few vertically downwards. On examining 
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these threads, which are called hyphse, they will be found 
to be without cross-walls. As a matter of fact the whole 
plant body or the fluffy mass when young is a single cell. 
It' branches freely and goes on all sides. 

In this plant we just see the beginnings of division of 
functions. The horizontal threads or hyphse grow upon or 
near the surface of the bread and thus lead to the further 
spread or extension of these threads all over the bread. 
Those that grow in groups from the horizontal branches 
downward into the substance of the bread absorb the food 
materials, after altering the colloidal substances into soluble 
forms. The somewhat stouter hyphse arising later, from 
the horizontal branches, from about the' same places at which 
the ‘groups of threads going vertically downwards start, 
grow’ upwards into the air and develop sporangia at their 
free ends. ' ‘ ’ 



Fte. 475. Mycelium of Rkizo^us mgricmis. 

When a mould is young it is fluffy and white, but as it 
gets older it becomes brownish and powdery in appearance, 
and a large number of distinctive spots also appear. These 
black dots are sporangia; It is only after the mould has 
been growing for sometime and has reached a considerable 
size that the erect branches begin to appear. The tip of the 
erect hypha swells at first and then it is separated from the 
rest of the thread by the formation of a cross-wail. This 
swollen portion grows, forms a globular body which later 
becomes a spore sac. When the sporangium is in the course 
of formation, we see sometimes the protoplasm moving very 
trapidly towards, the tip from the lower portions of the erec 
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liyplia. The protoplasm within the swollen portion changes 
into a number of small spores. When the sporangium is 
ripe its wall bursts and the spores are liberated. The spores 
being very minute and light float in the air and are easily 
carried abont by currents of air. Bo these si}ores are found 
in the air practically everywhere and this is why this mould 
nearly always appears on moist bread. 



Fui. 47(). Sporangia and spores of BhizopuH. 

The spores can remain dormant for a long time in a dry 
place .without g(TJninating. As soon as a spore falls in a place 
favourable for growth it germinates and produces a mycelial 
thread, which by further growth and- branching assuines the 
condition of the mature plant. 

In Rldzopm nigriccim in addition to the formation of 
spores in the manner above described, there also occurs a 
sexual method of reproduction similar in some respects to 
that of spirogyra. Hyphae developed from two diferent 
spores sometimes api)roach, the free ends meet, the tips 
become swollen and from each hypha the end cell is cut off 
l)y the formation of a wall. Then the contents of these two 
cells fuse and a zygospore is formed. On germination this 
zygospore gives rise to an erect hy])ha which produces at its 
tree end a sporangium of the ordinary type. The formation 
of the zygospore takes place only when the end cells, or 
gametes as they are called, that unite belong to two separate 
plants which belong to two different strains. These strains 
are spoken of as pins and minus strains. When both the 
strains are present in the culture, conjugation occurs 
abundantly. If either of these occur alone in the culture, no 
conjugation takes place. 
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PucciNiA Purpurea 

As our next example we may choose this fungus which 
causes the rust disease in the cholam plant {Andropogon 
sorghum). The presence of this fungus is indicated by 
the reddish streams or spots found on the leaves and stems. 
The mycelium is internal and traverses the tissues of the 
leaf and the stem. 



Fig. 477. Rust on cholam leaf. 

If we examine the red spots they will be found to be 
really small pustules roofed over by the’ epidermis. When 
young the epidermis is intact, but in old pustules this will be 
burst open. These pustules are in fact clusters of spores 
borne by the ends of the, erect hyphse that have come out. 
The • spores found in these pustules are mostly unicellular, 



Fig. 478.' Uredospores- and Teleutospores of Pucclnia pwyurea, 
1, gori on cholam leaf ] 2, one sorus cut through j 3, teleutospore j 
4 , uredospores. 
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These spores are called urcdospores or summer spores. By 
means of these spores the disease spreads rapidly and widely 
through the growing cholam plants. The spores fall on the • 
leaves or stems, germinate there and the hypli® get into 
the tissues through the stomata. 

During the earlier part of the life of the host plant, the 
rust spots contain only uredospores. But later on another 
kind of spores called, telcutospore's, is also found amidst 
uredospores. These teleutospores are two celled with thick 
smooth walls. When the cholam crop is very much 
advanced uredospores become rare and teleutospores appear 
in abundance. The spots at this stage , consists wholly of 
teleutospores and they look somewhat darker than when 
they consist of uredospores. , 

Puccinia is a very interesting parasitic fungus with a some- 
what complicated life history in the case of some sjmcies. 
In the cholam plant the life cycle of this rust seems to be 
extremely simple, the propagation, of this fungus being 
mainly by means of uredospores. How the cholam plant 
gets infected in the seedling stag-e and what happens to the 
teleutospores and what part these spores play in the life 
cycle of the rust fungus are problems awaiting solution. 

The life history of the species Puccinia gmmlnis causing 
the rust of wheat is now well known. As soon as the fungus 
is well established in the tissues of the wheat plant, pustules 
appear on the leaf -stalks and leaves. These pustules are 
clusters of spores called sori. The spores are uredospores 
or summer spores. The uredospores, if carried^. to. other 
wheat plants, may germinate iihd infect the.pla^t , .,go these 
spores can carry the inf ection ■ from one wheat .plant to 
another, and if the conditions -are favourable ti(e whole .field 
may get infected in this manner. Later towards; the end of 
the growing season the rust produces teleutospores: .Some 
sori may contain both uredo and teleutospores, although 
most of the sori formed contain only teleutospores. 

The teleutospores by reason of their thick walls, can 
endure unfavourable conditions. Therefore, we may consider 
teleutospores as representing a stage in the life history of 
Puccinia graminis intended to enable it to live through the 
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unfavorable season, 'vinter. These spores probably remain 
in the ground, or may get scattered. As soon as some warmth 
and moisture is available during spring these spores germinate 
and give rise to hyphae with small septate cells towards the 
end.’ From these cells small stalks arise bearing spores. 
These spores are called basidiospores. It is interesting that 
the hyphae resulting from the germination of teleutospores 
is saprophytic in its mode of nutrition. 

The basidiospores do not affect the wheat plant. They 
prefer a different host. These spores on reaching the bar- 
berry leaves germinate and infect this plant. As soon as the 
hyplise formed from the spores get into the interior of the 
leaf through their stomata, an extensive mycelium is formed 
within the tissues of the leaf. After a time the hyplias come 
out here and there on the lower surface of' the leaf in 
compact masses and form small cup-like structures. These 
hyphas change into a large number of spores. The cups are 
called aecidia and the spores aecidiospores. It is these 
aeci-Iiospores that infect the wheat plant. 

In Europe early in the eighteenth and nineteenth centuries 
people were aware that the presence of barberry plants was 
responsible for the “rust” or “blight” of the wheat crop. 
During the latter half of the nineteenth century De Bary 
worked out the life history of Puocinia gmminu and proved 
that the rust on the barberry plant and that on the wheat 
are only different stages of the same fungus, and that two 
host plants are necessary for this parasitic fungus to complete 
its life history. Thus we see that the wheat rust fungus 
forms four distinct kinds of spores, the uredospores and the 
teleutospores developing on the wheat plant, the basidio- 
spores forming on threads that are saprophytic and the 
aecidiospores on the leaf of the plant Berberis, quite a 
different host plant. 

Smuts. 

The smuts are parasitic fungi affecting mainly the cereals 
and the grasses. They chiefly attack the floral organs, 
although they may affect other parts also. They cause 
extensive damages to the grain in the cereal plants. 
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The mycelium of this fungus infects the cereal plant in 
the seedling stage and gets started in the tissues of the plant. 
As the cereal plant grows, the mycelium also grows and extends 
into all the parts of the plant. At the time of the flowering 
of the host plant the mycelia penetrate into the ovaries 
and consequently they become swollen, distorted and appear 
as tumour “like growths. Instead of the grain, we find a 



Fig. 479. TohjpoHporium fiUjmim (the long smut of cholam). 

mass of spores in the tumour-like swelling occupying the 
position of the grain. The hyphal threads g-etting into the 
ovaries become changed into spores which are usually black. 
These spores are called brand spores or cblamydospores. 
Each spore has a fairly thick wall, 
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These spores get dispersed and remain in the soil or 
they may stick on to 'the leaves^ or grains of the cereals. 
On germination, each of these spores produces a short septate 
hypha on which basidiosporcs arise. Infection may take 
place' by the chlamydospores lodging on the grain or the 
glumes. The' basidiospores also are capable of starting the 
disease in the tender parts of the cereal plant. There are two 
smuts affecting the cholam plant {A'^}dropogon sorghum). 
One is the long smut caused by the fungus Tolyposporium 
filiferumi and the other short smut caused by cintraotia 
sorghi vulgaris. 

Another fungus causing mmimSetaria italica is XJstilago 
crameri. All these smuts seem to infect the plants in the 
seedling stage only. The spores seem to adhere to the 
surface of the grain, germinate along with the seed and enter 
the seedling, 

The Mushroom. 

The mushrooms are the largest and the best known of 
the fungi.,. They flourish best and are abundant in damp 
shady woods in fields and gardens. They are mostly 
saprophytes obtaining their food from decaying wood, leaTes 
and manure. Some are parasitic on roots or other parts of 
living plants. 

"What we call a mushroom is the serial fruiting or spore 
producing part of the plant. In a mushroom we find a 



Fig. 480. A mushroom {Agancm campestris). 
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stalk called tke stipe and an nmbrella-like cap on it which 
is termed the pileus. The stalk of the mushroom consists of 
a large number of well-compacted hyphao running longi- 
tudinally. In the pileus there are a number of lamellae or 
gills on the lower side. These gills extend from the central 
portion, where the cap joins the stalk to the edge of the cap, 
like the spokes of a wheel. Each of these gills consists of 
a mass of hyphae running in all directions. Some of these 
hyphse grow out at the surface of the gills and their free 
ends become swollen. The central core of the gill which 
is made up of hyphse running on all directions is called 
the trama. The external portion of the gill which consists 
of the erect hyphae with swollen tips is called the hymenium. 
The swollen tips of the Iiyphse are termed basidia. Each 
basidium has two slender stalks bearing spores (basidio- 
spores)- 

If a ripe pileus with its gills is placed on paper, after 
some hours the basidiospores would be found to have fallen 
on the paper in radiating lines. If the spores are black, 
white paper anrl, if white, black paper should be used to see 
the lines of spores well by contrast. Mushrooms are 
propagated only by their basidiospores and no sexual mode 
of reproduction is known amongst them. 

The vegetative body corresponding to the mycelium of 
the fungi already described is underground. The stipe of 
the mushroom is continuous with a number of whitish 
branching threads (rhizomorphs) running through the 
substratum in all directions (See fig. 481). These white 
st\*ands are really the bundles of hyphse corresponding to 
the mycelium of Rhizopus. The mushroom or the ferial 
part corresponds to the erect hypha bearing a sporangium 
or a spore sac. 

The fruiting body appears at first as a small white knot 
on the underground mycelial strands. This knot consists of 
hyphse interwoven and packed rather closely so as to form a 
compact mass. As the threads of the knot grow and 
develop, the knot enlarges and looks like a round button. 
By further growth the button .changes into the fruiting body 
of the mushroom. ' • ' 

The mushroom Agaricm campestris is largely used as food. 
So it is largely ■ cultivated, Beds are prepared consisting 
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of soil rich in organic matter or manure. Small portions of 
the soil or other substratum in which the mycelial threads 
or strands are plentiful are distributed through the soil of 
the beds. The small portions or bits containing the hyphse 
are termed “ mushroom spawn.” It must also be remem- 



Fio. 481, Parts of the mushroom and their structure. 

1, spore bearing porfcioii in a very young stage ; 2, gills slightly 
magnified ; 3 and 4, hymenial surface .^bowing basidia and spores,* 

bered that there are several species of mushrooms which 
prove fatal if used as food as they are poisonous* 

, The mushrooms belong to a big group of fungi called 
Autobasidiomycetes and to the section Agaricales. The 
Agarics or the gill fungus has its hymenium on the gills. 
In some the hymenium covers tooth-like processes. There 
are also some fungi in which the hymenium lines the tubes 
which terminate on the lower surface with pore-like 
openings. 

Bacteria. 

Bacteria are the smallest of plants and, therefore, they can 
be seen only under a very high power of magnification of 
the microscope. Some of the round bacteria are about 
0'0005 of a millimeter or even less, Some hold that there 



FUI^CtT 


479 


are also bacteria so minute that they cannot be seen even 
under the highest povrers of the microscope. They a])ouud 
everywhere, existing in the air, in the soil, in water and in 
fact on everything. 

A bacterium is a small single cell with a delicate cell wall 
enclosing protoplasm not differentiated into a nucleus and 
protoplasm. As the bacteria do not contain cliloroplasts, 
their mode of nutrition must be similar to that of the fungi. 
They change the nature of the organic substances in which 
they grow by means of enzymes. One characteristic of 
'bacteria is their power of changing the chemical nature of 
substances with which they come in contact. The process-es 
we call fermentation and putrifaction are brought about l)y 
bacteria. The general decay, of the debris of plants and 
animals and their transformation into simpler substances is 
mainly brought about by bacteria- The accumulation of 
debris of organic matter is prevented by the action of 
bacteria, thus rendering the surface of the earth habitable 
both to animals and plants. 

Reproduction amongst bacteria is by cell division. Multi- 
plication is generally so rapid that in one day several billions 
are formed. 

Amongst l)acteria there are both useful and harmful ones, 
xis examples of useful ones we may mention the nutrifying 
bacteria which at first change ammonia into nitrites and then 
nitrites info nitrates. There are bacteria in the soil which 
are able to form nitrogen compounds by utilizing the nitrogen 
found in the atmospheric air. The nitrogen compounds are 
used in building up their own bodies and when their bodies 
decay there is accumulation of nitrogenous compounds in the 
soil. We should also mention here the bacteria found in the 
root nodules of leguminous plants, as they also utilize the free^ 
nitrogen for making nitrogenous compound for their 'use. 
As examples of bacteria causing disease we may mention 
those that produce the diseases of cholera, tuberculosis, 
tetanus and plague. BaPteria cause disease in plants also.’ 

If we consider the forms of the plant body of bacteria 
there are three forms — globular ones called coccus fprms, 
roddike called bacillus forftis and curved rods termed 
spirullum forms. 
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CHAPTER XXIX 

ORGANIC EVOLUTION 

Vb know that the vegetation on the surface of the earth 
3onsists of many species, some simple and others highly 
)rg^nizecl. It is but natural for any one to ask how all these 
species of plants came into existence. Some would readily 
answer that plants as well as animals were created by the 
Creator. As’a matter of fact, before the middle of the nine- 
teepth century, many theologians and men of intellect believed 
that plants and’ animals were created in the beginning, as 
narrated in the Bible. If this Doctrine of Special Creation is 
accepted, we are bound to assume that creation has taken 
pl§ce once and for all in the beginning, and that every species 
of 'plant or animal thus created has remained constant in all 
f updamental features until the present time. In other words, 
it ineans that flowering plants, ferns and other groups of 
Plants,' however simple or complex, have been in existence 
pppctically ever since the world began without much change. 
TJjis conception of the fixity of species could not, however, 
he’ supported by facts. 

In the study of various species and groups of plants, we 
agisumed that the complex forms of plants have come from 
simpler ones by gradual modifications. Evolution means 
gpdual change, and the idea that plants and animals living at 
the present time are the lineal descendants of ancestors which 
are simpler, and that these were descended from yet simpler 
ones that lived in still older times is Organic Evolution. 
Organic evolution teaches us that plants and animals are 
subject to a continuous process of change which is operating 
from the beginning without' stopping and which is still in 
progress. In other words, we have to understand that living 
beings were not in the beginning as we pow find them, but 
that there have been constant changes in them. A general 
review of the Flora and Fauna of the present and past ages 
^hows that in the early history of the world there were only 
simple plants and animals, and that the complex forms came 
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into existence only later. The highly organized plants must 
have been derived from simple plants such as Pleurococcus 
through changes involving many thousands of years. The 
developmental history of an individual (ontogeny) from a 
spore or that of a group of related forms (phylogcny) tell 
the same story. One chief aim of Botany and also of Zoology 
is to record, as far as it is possible, and in order, the 
evolutionary steps that have culminated in the present 
condition of the plant and animal world. 

From a study of nature we learn that at the present time 
living organisms come into existence by the method of repro- 
duction of organisms already existing. This must have 
been the method always. After the first appearance of life, 
living things have been derived from pre-existing organisms. 
Of, course they are subjected to a process of constant though 
gradual changes. In the vast majority of plants and animals, 
no doubt, the steps of evolution have been towards greater 
complexity of parts, increased efficiency in their functions and, 
in general, towards higher organization. In other wordsi 
evolution is progressive. Thereare also instances in which 
the steps have been regressive instead of being progressive. 
But such ones are not . many. For instance, the, parasitic 
plants Cassytha and Cuscuta have become degenerate, and 
hence the evolution in the case of these plants is obviously 
regressive. 

The theory of organic evolution existed in men’s thoughts 
since Aristotle’s time. But until the middle of the nineteenth 
century it was a mere speculation not supported by any 
body of facts, From being a mere speculation it became, a 
scientific fact, based upon evidence obtained by extensive 
observation with the publication of Charles Darwin’s great 
book “ Origin of Species ” in the year 1859. . No other book 
influenced men’s thought , so much as this book. He holds 
that species of plants and animals came into existence by the 
process of evolution and that evolution rests npon Natural 
Selection. The arguments adduced in favour of his views 
are most convincing and further they are so well based on 
facts that his theories are now widely accepted. The 
theory of evolution, has become a current coin amongst all 
biologists and it is a fundamental conception not only in 
31 
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Botany and Zoology, but also in Chemistry, History and 
Philosophy. Evolution is axiomatic now-a-days with all the 
scientists. 

As regards the methods of evolution several hypotheses 
were advanced from time to time. The explanation offered 
by Lamarck was current for a short time, but very soon it 
was rejected as being unsatisfactory, x^ccording to Lamarck 
living beings are changed by their environment and also 
by use and disuse of organs, and then these changes induced 
in living beings are inherited by their offspring and accentuat- 
ed from generation to generation. It is true that changes 
are produced in plants and animals by changes in their 
environment, or as the result of use and disuse of organs. 
But we have no evidence that acquired characters are 
transmitted to the offspring. Experimental proof is also 
against this view. 

No satisfactory explanation was offered until Darwin 
gave to the world his theory of Natural Selection. Even the 
conception that evolution is the method of creation failed to 
win the general acceptance of the educated men, because it 
.was never supported by sufficiently convincing evidence. It 
was left to ' Charles Darwin to accumulate overwhelming 
evidence in support of organic evolution through natural 
selection. He pointed out that a perpetual struggle is going 
on amongst plants and animals and that as the result of this 
struggle only those best adapted to the surroundings 
survive. Inasmuch as only a few individuals that are 
fit to survive live and propagate and a large number 
not fitted to live perish, he considered this to be a kind 
of selection and called it Natural Selection. This theory 
of Natural Selection, or Darwinism as it is sometimes 
called, is based upon the fundamental conceptions, increase 
in progeny, struggle for existence, variation, survival of the 
fittest and heredity. 

Increase in progeny.— Plants produce a fairly large 
number of seeds. If all the seeds produced by a plant in suc- 
cessive generations were to germinate and grow successfully, 
there will be no room for other plants. To make this clear we 
may choose as an example the weed Argemone mexicana and 
consider its behaviour. A single plant of this species produces 
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from 20,000 to 30,000 seeds in a season. Taking the average 
number as 25,000, the progeny of one plant would number 
15,625,000,000,000 in the third generation if all the seeds are 
allowed to grow. Supposing each of these plants occupy a 
square foot, then the plants of the third generation will cover 
nearly 500,000 square miles. In spite of this prolificity in seed 
production, we do not find any abnormal increase in these 
plants in any season, even if the observation is continued 
through several seasons. About the same number of plants 
appear year after year. This approximate uniformity in the 
number of plants of a species, year after year, is due to severe 
competition amongst them at every stage. All the seeds of a 
plant do not obtain the condition necessary for successful 
gerinination. In the seedling stage again there would be a 
struggle amongst them for water, salts and light. Only those 
seedlings that are capable of vigorous growth would be 



Fig 482. Leaves of Lactiica Heymana, DC., growing 
on the same plant. 

able to survive in the competition. Such seedlings would 
be able to get more water and light than the others with 
slow growth. In the end the weaker ones with slow 
growth must perish. This quality of vigorous growth in the 
seedlitxg stage is a, variation that enables certain plants to 
survive. But for this variation there would bo no selection 
and survival of the fittest ones. Thas we see that variation 
is the most fundamental fact in the theory of natural 
selection. , 
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Variation— If we' look at a number of plants of a species, 
all of them are alike in many points, and that is why we include 
them under the same species. But, if we fix our attention 
on individual plants and examine them closely, we clearly see 
that ho two individuals are exactly alike, and that - each has 
its own individuality. To find out the differences one must 
be weir acquainted" with the distinguishing marks of the group 
of the plants. 

Plant's vary in all their parts, in every possible direction and 
to every extent from'very small to' considerable range. Leaves 
show' considerable ‘variations. For example, if we look at 
the leaves of the weed Lactuca Eeyneana, we find them 
vary ing.very much. ( See fig. '48'2.) e Plants under cultivation 
have a greater tendency to vary - than the wild plants. 
Variations may be either morphological or physiological. ' ' 

There are two kinds of variations occurring in plants. 
They are fluctuating or continuous variations and disconti- 
nuous or saltativc, variations. The former is of very general 
occurrence in plants. In this kind the -range -of variation 
is very considerable, and further every gradation in size 
occurs between the, smallest and,.the largest. The fluctuating 
variations occurring inplants and animals are largely depend- 
ent upon, the environment. In other . words. the variations 
manifested by plants are chiefly diie to differences in 4he 
environmenf,;such as differences in sunlight, food and water- 
supply, and influences exerted by one living organism on 
another. These variations are not; inherited and are con- 
stantly changing with the conditions that cause them. 

Continuous variations fluctuate around a mean or average. 
They are quantitative. The mean or the average remains 
practically constant. The individaals having variations above 
or below this average become less and less in number as the 
variability departs more and more from the average until a 
limit is reached in each direction. The number of individuals 
having a- variation which diverges from the mean to a small 
extent is generally large and individuals with larger divergen- 
ces are less in number. If we, for example, examine the seeds 
of a bean plant in a measure of the seeds, no two seeds would 
be precisely of the same dimensions. In this connexion an 
actual experiment conducted by Hugo De Tries .may be 
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quoted. . He cdiose at random 450 beans from a cinantity 
purchased in the market and measured them all. The 
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Fio. 483. Curve showiugl variation in bean seeds. The horizontal 
numbers are millimeters and the vertical ones are the number of 
seeds. 

variation in length was from 8 to 16 millimeters and the 
number of seeds of definite measurements were as given 
below : — 

Number of beans-lrS ”23,-108,-167,-100,-33,- -7,-1 
, Millimeter 8, -9, -10,- 11,- 12,- 13,-14,-15,-16 

He then sorted them in nine compartments according to 
their lengths. The tops of the columns when joined 
form a curve resembling somewhat a curve called 
Quetelet’s curve. From the data given above a curve 
may be plotted. (See fig. 483.) BTom the curve we see that 
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the greatest frequency coincides more or less -with the mean 
dimensions and that the more the divergence from the 
average the less frequent is its occurrence. 

As the continuous variations fluctuate around an average 
from generation to generation in plants, it is not possible to 
cause any improvement in any variation eyen by very careful 
selection. It is not, therefore, possible to obtain any 
improvement of a permanent character in these continuous 
variations. 

Charles Darwin no doubt recognized these two kinds of 
variations. But the differences between these two classes of 
variations and other facts about them were not known then. 
He attached greater importance to continuous variations, and 
held that all sorts of differences between individuals as 
affording the material for the natural selection to work. 
Hugo De Vries was the first to point out clearly- the facts 
about variation after experimenting. He studied in detail the 
nature of the discontinuous variations by means of experi- 
mental method and gave to the world in the first 
year of the twentieth century his mutation theory. He 
called the discontinuous variation mutation. Mutations 
appear suddenly and they are very striking in character and 
they breed true. He holds the view that species are formed 
by the selection of mutations and not by the selection of con- 
tinuous variations. This is the essence of the mutation theory. 

Survival of the fittest —It is obvious that the'individuals 
that survive without perishing in the struggle for existence, 
must be those best suited for the environment. And the 
survival is due to their having some variation enabling them 
to adjust themselves to the environment. Those not possess- 
ing this variation cannot adjust themselves and consequently 
they must ultimately perish. 

Inheritance. — We know that the offspring of a species 
resemble their parents in several respects, though not in 
every respect. Although there may be variations, plants 
transmit to their progeny something of their own character. 
This is inheritance. Both resemblances and differences are 
transmitted. If individuals possess some variation which 
enables them to adapt to their surroundings better than others 
without such a variation, such individuals survive and 
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propagate, and in tlie offspring this variation will be pro- 
nounced. If this goes on for some generations the variation 
becomes intensified by natural selection and eventually 
becomes a character of a new species. We shall conclude 
this brief account of natural s Section by (luoting Darwin’s 
OAvn summary of the process : — 

“If under changing conditions of life organic beings 
present individual differences in almost every part of their 
structure, and this cannot be disputed ; if there be, owing to 
their geometrical rate of increase, a severe struggle for life 
at some age, season, or year, and this certainly cannot be 
disputed ; then, considering the infinite complexity of the 
relations of all organic beings to each other and to their 
conditions of life, causing an indefinite diversity, in structure, 
constitution, and habits, to be advantageous to them, it would 
be a most extraordinary fact if no variations had ever 
occurred useful to each being’s own welfare, in the same manner 
as so many variations have occurred useful to man. But if 
variations useful to any organic being ever do occur, assuredly 
individuals thus characterized will have the best chance of 
being preserved in the struggle for life; and from the strong 
principle of inheritance, these will tend to produce offspring 
similarly characterized. This principle of preservation, or 
the survival of the fittest, I have called Natural Sflfction. 
It leads to the improvement of each creature in relation to its 
organic and inorganic conditions of life, and, consequently, 
in most cases, to what must be regarded as an advance in 
organization. Nevertheless, low and simple forms will long 
endure, if well fitted for their simple conditions of life.” 

Darwin, Wallace and others held the view that specific 
distinctions come into existence by natural selection acting 
upon individual differences. According to this view all 
kinds of variations though slight are inheritable and they 
can become intensified through generations of selection and 
finally become distinct characters of new species. Another 
theory, the theory of mutation, is offered as an explanation of 
the origin of species. According to this theory mutations 
are inheritable and they are not buijt up through generations 
of selection, but they arise suddenly, in full force, and , breec 
true. New species arise at one bound, according to this 



490 


MANCTAL OF ELEMENTARY BOTANY 


parent as inlieritance a small bit of protoplasm and this bit of 
protoplasm possesses a tendency to develope only in a definite 
manner. That is to say, the protoplasm of the daughter cell 
develops all the characteristics of a Plem*ococcus. It works in 
this manner because its ancestors must have possessed these 
characteristics for a very long period of time. Thus we see 
that inheritance is inseparably linked with reproduction. 
Even in higher plants, so far as vegetative reproduction is 
concerned, the new plant is obviously a portion of the parent 
plant, isolated and growing independently by itself. The 
separation does not affect the protoplasm in any way and so 
the inheritance also would not be affected. 

But the case of the higher plants with sexual reproduc- 
tion is far more complex and not simple. Complicated 
changes occur between the offspring and the parents. The 
formation of pollen grains (male gametes) and the ovules 
(female gametes) involves .reduction division. Again there is 
the fusion of the contents of the pollen grain and that of the 
ovule. This fusion of the gametes from two different sources 
must necessarily lead to considerable alterations of the proto- 
plasm. If the pollen grains and the ovules happen to be 
those of different plants, then in the fertilized egg are united 
protoplasms from two distinct lines of ancestry, with two 
entirely different histories extending far back into the past. 

Thus it is obvious that hereditary transmissions must of 
necessity be most complicated. Different kinds of variations 
may become involved and they may become associated with 
different kinds of heredity. So the study of facts of heredity 
is not an easy matter. 

For a long time men tried to study the principles of here- 
dity by the statistical method. Investigators chose characters 
and noted them 'pr actually measured them in a large number 
of parents and also in their progeny. Then they used to 
compare these results and find out the extent of resemblance 
between parents and children. This method deals with the 
average of the character observed or measured of a mass of 
individuals belonging to a species. If the object of study is 
to see whether a given character is constant, or shifting, or 
behaving in some other way, this method is a satisfactory one. 
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If on the other hand, the object is to learn facts of heredity 
in all its bearings, then this mode of study is not likely to 
yield any useful result. For the averages arrived at by 
observing a large number of individuals mean nothing, inas- 
much as the mass considered represents a complex mixture, of 
individuals. To arrive at reliable results, it is absolutely 
necessary to deal with homogeneous material or individuals 
derived from a common stock and whose pedigrees are 
known. 

The method of study which has led to remarkable results 
was first used by Gregor Mendel. He conducted his experi- 
m< nts in his garden and published his results in LSGG. But it 
m ver saw the light of day until the year 1900, when it was 
discovered simultaneously by three investigators. Hugo de 
Vries in Holland, Correns in Germany and Tgchermack in 
Austria. At the present day the workers on these lines are 
many and are all over the world. 

Before Mendel several workers had made many laborious 
experiments by crossing different races of plants. They 
thought that hybrids were intermediate between the parents, 
though they resemble the parents in some features and that 
crossing of distinct races was a potent cause of variability. But 
they could not arrange their observations in any order so as to 
bring them under, definite laws. This is because they always 
regarded the individual as the unit, and we know an indivi- 
dual may have any number of characters. On the other hand, 
Mendel took as his unit, not the individual, but one character 
found in an individual, and he always concentrated his atten- 
tion upon one character at a time. He viewed an individual 
as being to a large extent an aggregation of separate character- 
istics. 

Mendel, being an investigator of a high order, set about 
his experimental work in a thorough going and a systematic 
manner. He chose as his material for study, the edible gar- 
den pea plants, as these plants are easy to cultivate. Another 
advantage is that these plants are usually self-fertilized .and 
therefore plants chosen for parents would be pure. Besides 
this they could be raised two or three times ih a year.andthey 
had in them sharply contrasting characters. , In the study of 
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determiner for yellow and the ovule one for green, or vice 
versa, the zygote will contain determiners for both the charac- 
ters and this kind of zygote is termed a heterozygote. 

Although the plants of the first generation contain the 
factors, or genes as they are sometimes called, for both the 
characters, separation of these characters from each other 
takes place in the course of the formation of the pollen grains 
and the ovules. This dissociation of factors from each other 
is spoken of as the segregation of the gametes. When this 
segregation takes place, the number of pollen grains bearing 
one factor, say, green would be equal in number to those 
with yellow. The same is the case with the ovules also. In 
other words, the number of reproductive cells bearing the 
determiner for green would on the average be equal to those 


Pollen Ovule 
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i.e YY+2Yg'+ 

carrying yellow. When the plants of Fi generation are selfed, 
the reproductive cells of both the pollen grains and the ovules 
fuse in pairs and they could combine in only four ways. 
Out of the four gametes present in the plants there is just 
one chance for the two sexual cells with yellow to fuse and 
the resulting seed will be a pure yellow ; similarly, there is 
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one chance for the cells with green which will also give rise 
to a pure green seed ; and there are two chances out of four 
in which yellow will fuse with green. And so there will 
result one seed pure to yellow, one pure to green and two 
with both yellow and green. This is exactly Mendel’s ratio 
1:2:1. These facts are graphically represented in the 
diagram on the previous page. 

Mendel’s theory of segregation and purity of gametes is 
not a mere speculation. His view that the sexual cells or 
gametes have in them something upon which the development 
of characters depends has been substantiated by studies of 
the structure of sexual cells. The purity of the gametes is 
evidently linked with the nucleus of the cells of a plant. 
During ordinary cell division the. nucleus breaks into chromo- 
somes and each cell possesses a definite number of chromo- 
somes only. The number of chromosomes is a fixed number 
in each kind of plant Inasmuch as the chromatin threads 
forming the chromosomes split equally, so as to form twice 
the usual number of chromosomes, and then become equally 
distributed between the two cells formed, we have every 
reason to conclude that chromosomes constitute the physical 
basis of heredity. It is also obvious that all the cells result- 
ing from the ordinary mode of cell division must be alike so 
far as the chromosomes and nuclei are concerned. For the 
sake of convenience we may assume that there are eight 
chromosomes in the nucleus of a cell. Then all the cells 
formed by ordinary cell divisions would have the same 
number of chromosomes. All the cells in a plant ' body are 
of course derived from the zygote. And from what we know 
of the process of sexual reproduction, this zygote must con- 
tain eight chromosomes derived from the two parents. This 
number represents twice the number of chromosomes con- 
tained in each of the gametes. It is thus obvious that every 
cell of the plant body contains a double set of chromosomes, 
half of them being descended from the chromosomes intro- 
duced by one plant, whilst the other half from the second. 
In other words, the adult plant has in every cell of its body 
chromosomes, or hereditary material, derived from both of 
its parents. 

33-a 
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Considering the fact that the gametes contain only half 
as many chromosomes as the cells of the plant body and that 
tiie number of chromosomes present in the ordinary cells is 
constant for each species, we have to conclude that there must 
occur a reduction in the number of chi'omosomes to one-half 
their forma' number during the formation of the gametes or 
at some one or other of the cell divisions leading up to their 
formation. In plants the reduction takes place during the 
formation of the spores, pollen grains and the ovules. 

The cell division preceding the formation of pollen grains 
and ovules differs in some respects from the ordinary cell 
division. In the ordinary cell division the nuclear material 



Fia. 48h Eeductioii division of cells (Diagt'amniatic). 

is equally distributed between the two daugliter cells anS 
they are similar in every respect. The number of the chrji-| 
mosomes is the same and there is no reduction. But in thaf 
.cell division which leads to the formation of pollen graiii|- 
and ovules, the distribution of nuclear matter is such til 
each sex cell gets one set of complete chromosomes instead of 
the double set which ordinary cells of the plant possess, 
other words, the chromosomes cannot be considered to 
identical in all the daughter cells resulting from the divii 
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The nuclear matter that enters one daughter cell may contain 
some material quite different from that contained in the 
nuclear matter entering the other daughter cell. 

In reduction division also the nuclear matter breaks into 
threads, and a series of changes take place leading to the 
formation of a number of short stout chromosomes, but the 
number of these chromosomes is only half of the number of 
the chromosomes found in the tissue ceils of the same plant. 
These chromosomes are paired ones. They all come to the 
equatorial plate and then the separation of the chromosomes 
takes place. The separation is not the longitudinal division 
of the same chromosomes into halves, but separation of entire 
chromosomes. So each daughter cell receives only half as 
many chromosomes as are found in the cells of the other 
parts of the same plant. After this separation and reduction 
of chromosomes, the further division leading to the actual 
spores is ordinary cell division. 

This reduction division leading to the formation of sex 
cells with only half the number of chromosomes has a most 
important physiological significance. Supposing the sex 
cells that fuse to form the zygote contained the full number 
of •chromosomes, then the zygote will have double the 
number of the chromosomes and in the next generation a 
further doubling must occur, and if this goes on there will 
result a piling up of the chromosomes. The object of reduc- 
tion division is thus seen to be to prevent the enormous 
multiplication of chromosomes and to keep the number 
constant. 

If the ordinary cells of the plant body contain eight 
chromosomes, the pollen grains 'and the ovules have only 
four. It is believed that tjie four chromosomes passing into 
the ovules or the pollen grains do not all carry identical 
characters. Some pollen grains and ovules may have in 
their chromosomes factors not found in the chromosomes 
of others and vice versa. In the illustrative example we 
have^been considering, the pollen grains may carry in the 
chromosome either the yellow or the green character and 
not both, and so also the ovule. When fusion occurs 
between the pollen grains and the ovules the resulting zygotes 
will have eight chromosomes and these eight will have pure 
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yellow, pure green, or a mixture of yellow and green accord- 
ing to the nature of the combination. On a little refiection.it 
will he obvious that these are the only possible combinations. 
If the ovule and the pollen both contain the yellow factor 
in the chromosomes the new seed will have yellow coty- 
ledons. Similarly, if the chromosomes of both contain the 
green factor, the resulting seeds will have green cotyledons. 
In both these cases the zygotes are homozygous. Instead of 
the same kind of chromosomes uniting, some containing 
yellow and some containing green may come together in 
the zygote thus making it heterozygous. In this case the 
seeds formed will have only yellow cotyledons. Out of 
every four chances, there are two chances for dissimilar 
unions giving rise to two heterozygotes and only one for 
similar unions giving rise to homozygotes. So that out of 
four combinations taking place at random, there would be 
one homozygote for yellow, one homozygote for green, and 
two heterozygotes for yellow and green, and this is exactly 
Mendel’s ratio. Thus we see that the Mendelian conception 
of segregation and purity of gametes has a physical basis. 

Mendel was not satisfied with studying only one pair of 
characters. Having ascertained the behaviour of single pairs 
of contrasting characters through several generations, he next 
took up the study of two or more pairs of such characters, to 
see how they behave in respect to each other. For example, 
we may* consider the results he obtained by crossing a pea 
plant producing round seeds with yellow cotyledons with 
another bearing wrinkled seeds with green cotyledons. As 
a result of this crossing he had only round seeds with yellow 
cotyledons. The characters wrinkledness and green colour 
did not appear in any of the seeds of the first crossing. 
On self-fertilizing the individuals of the first genei'ation, 
four distinct types of seeds appeared in the fruits formed. 
They were (1) round seeds with yellow cotyledons, (2) 
round seeds with green cotyledons, (3) wrinkled seeds with 
yellow cotyledons, and (4) wrinkled seeds with green -coty- 
ledons. Thus it is obvious that yellow and green form a 
pair of contrasting characters and round and wrinkled 
another allelomorph, the characters yellow and round being 
dominant. As there are only two pairs of characters, the 
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possible combinations are only fom*. It must also be 
remembered that each of these pairs of allelomorphs behaves 
independently of each other. When the proportion to one 
another of the seeds produced by the hybrid plants after 
self-fertilization was considered, it was found to be 
thus :~ 

Nine round yellow seeds; three round green seeds: 
three wrinkled yellow seeds : one wrinkled green seed. 

Out of these sixteen seeds the one wrinkled green seed 
bred true and out of the nine round yellow seeds only one 
bred true. The rest of the seeds were not pure, as they 
began to split. The combinations and the number of 
individuals in each combination occurring in the second 
generation are really in accordance with the general principles 
of combinations. To make these points clear we should 
consider all the combinations in detail. Let us represent 
the pairs of allelomorphs by letters, using a capital letter for 
the dominant one and a small letter for the recessive. Then 
the combinations of the pair would be ER+2Rw+ww and 
of the other YY+2Yg+gg, when we consider allelomorphic 
pairs separately. 

* When these two combine we obtain the following combi- 
nations : — 

(YY + 2Yg + gg) (RE + 2Rw 4- w) = RRYY + 
2ERYg+ RRgg + 2RwYY + 4RwYg + 2Rwgg + wwYY + 
2wwYg + wwgg— i.e., 16 combinations. 

Since the dominants obscure the recessives we shall 
have : — 

9RY + 3Rg + 3wY + wg. 

Thus we see that when two pairs of contrasting characters 
are concerned in crossing the combinations are four and 
number of individuals is sixteen and the proportion is 9 : 3 : 
3:1. 

In the hybrid individuals the gametes would be, RY, 
Rg wY, wg male and female, and the possible combinations 
are shown in the diagram below. 

The nine combinations that are in the white squares 
would be alike in external appearance and all of them would 
have round seeds with yellow cotyledons. This is because 
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both the dominant characters R and Y occur in the combina- 
tion. Out of these nine only one RRYY has pure 
dominants, i.e., homozygous and this will breed true. The 
remaining eight are heterozygous. 

Female gametes 

RY Rg wY wg 

r 

Male gametes RY wY wg 

RY I RY I RY RY RY 



Fig. 485. 

The three RgRg, Rgwg, Rgwg found in the squares with 
dots would have round green seeds R being dominant 
over w. The character Y is absent. 

The three wYwY, wYwg, wYwg found in squares 
hatched with oblique lines would be wrinkled yellow 
seeds, Y being dominant over g. The character R is absent. 

One wgwg in the square hatched with crossed lines is a 
wrinkled green seed. Both R and Y are absent. This is 
homozygous. 

The two parents, round yellow and wrinkled green, were 
crossed and as a result of this two new varieties, namely, 
round green seeds and wrinkled yellow seeds have been 
formed. 

As an example involving three pairs of contrasting 
characters we may consider the crossing of pea plants bearing 
round seeds with grey brown seed coats and yellow cotyledons 
with pea plants having wrinkled seeds with white seed coats 
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and green cotyledons. In this case also Mendel found that 
the pairs of contrasting characters behaved independently 
of each other, and that the combinations in the second genera- 
tion were of many kinds. When three pairs of characters 
are involved in the crossing, theoretically, there must be in 
the second generation 64 individuals and 8 types of combi- 
nations. The details can be made out from the diagram 
given below. In the diagram, ‘ R ’ stands for round, ‘ Y ’ 
for yellow, ‘ Br ’ for grey brown, ‘ w ’ for wrinkled, ‘ g ’ f or 
green, and ‘al’ for white; ca]dtal letters for dominant and 
small for recessive. 


Male 


Feriiaie 

R Y Br 

RY al 

RgBr 

• 

wY Br 
Rg-ai 
wY al 
wg*Br 
wgal 


RYBrRY al RfBfwYBrRg-al wY ai wgBrwgal 


RYBr 

1 

RYBr 

RY al 

ryV 

RgrBr 

RYBr 

wV Br 

RYBr 

Rgjai 

RYBr 

wY al 

RYBr 

wgjBr 

RYBr 

wgjai 

RYBr 

RYBr 

RYai 

RY ai 
2 

RY ai 

RgBr 

RYai 

wYBr 

RYai 

Rgal 

RY ai 

wY al 
2 

RYai 

WgBr 

RYhl 

wgai 

RYai 

RYBr 

1 

RgBr 

RY ai 

1 

RgBr 

RgBr 

Rpr 

wYBr 

R$*Br 

Rffai 

RgBr 

wYai 

RgBr 

WgBr 

Rg%r 

wgai 

RgBr 

RYBr 

1 

wY Br 

RY al 

1 

wY Br 

RgjBr 

wYBr 

wYBr 

4* 

WYBr 

Rg^ai 

wY.Br 

wY al 
4„ 
wYBr 

WgBr 

4 

WYBr 

Wgai 

4 

wYBr 

RYBr 

1 

RY„ai 

z 

Rgai 

RgBr 

R^ai 

jwYBr 

1 

Rg-ai 

Rgai 

Rg^ai 

wY al 
2 

Rgai 

WgBr 

Rg^al 

wgai 

Rgai 

RYBr 

1 

wY ai 

RY ai 
2 

wY al 

RgBr 

wY^ al 

wYBr 

4 

wYai 

Rgai 

wwai 

wY al 
6 

wY al 

WgBr 

4 

wY ai 

Wgai 

wY ai 

RYBr 

1 

wgBr 

R^i 

wgBr 

T 

wgBr 

wYBr 

wg-Br 

V 

wg'Br 

wYai 

wgBf" 

WgBr 

7 

WgBr 

wgai 

WgBr 

RY Br 
1 

wg al 

RYai 
wf al 

RgBr 

wgpai 

wYBr 

4 

wg'al 

Rg-,ai 

wg^al 

wY^ai 
wg al 

w^Br 

w^ai 

wgai 


27RYBr + 9RYaI+9Bg'B>-+9wYBr-+3Rgal 

+ 3wY al +3wgBr+wg'ai 


Fm. 486. 

The number of types anil the ratios in which each will 
appear for any number of pairs of characters can be deter- 
mined by the algebraic formula (a+ b)“ where a = 3, and h 
= 1 and n stands for the number of pairs of characters. When 
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the pair is one the types are two and the total nninber of 

individuals is 4. If the pairs are 2, then 

(3+ 1)3=:. 32 + 2' 31 + 1 = 9 + 3 + 3 + 1 = 16. 

Similarly (3 + 1)^ = 3® + 3*3”^ + 3*3 + 1 

= 27 + 9 + 9 + 9 + 3 + 3 + 3 + 1= 64. 

(3 + 1)^ = 3^ + 4 * 3 ^ 6 * 32 + 4*3 + 1 
= 81 + 27 + 27 + 27 + 27 

9+9+9+9+9+9 
3 + 3 +3 + 3 
+ I=2e56. 

If the number of combinations alone are to be estimated 
then we may use the formula x = 2" , where x stands for the 
number of combinations and n for the number of pairs of 
characters. If n = 2, then x = 2^ = 4 ; if 3 then x = 2^ = 
8 and so on. 

Mendel’s experiments were practically confined to the 
pea plants and consequently he met with only simple condi- 
tions of inheritance. Recent investigators have not only 
verified repeatedly Mendel’s laws in many plants, but also 
have observed many new situations not known to him. In 
fact there has been a great extension of our knowledge in the 
field of heredity, as this knowledge has considerable bearing 
on breeding work. 

Every investigator observes the character of the plant and 
tries to find out which of them do mendelize, as a prelimi- 
' nary step for further work. For example, Biffen found in 
wheat plants that beardless ear was dominant to bearded ear, 
red grain to white grain and felted glumes to glabrous 
glumes. In the paddy plant Parnell has noticed several 
characters that are allelomorphs. When ordinary paddy 
with short outer glumes was crossed with a variety of paddy 
with long outer glumes the short glumes were dominant to 
long outer glumes. Other contrasting pairs of characters 
that were found are these, —Blackish-brown glumes of Pisini 
variety dominant to golden glumes of Ponkambi samba ; 
piebald gold glumes of Garudan samba to gold glumes of 
Ponkambi samba ; purple pigmentation in tips of glumes or 
axil of the leaf sheath to absence of pigmentatibn ; purple 
internode to green internode ; red rice of Borumuruthagna 
bhatta to white rice of Sada samba. 
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According to the views of Mendel both the dominant and 
recessive characters are due to two distinct factors. Certain 
facts have been observed which makes this view rather 
doubtful. In the course of his work, East came across two 
strains of maize, one with starchy grains and another with 
sweet grains. He found both of them homozygous by self- 
fertilizing them. When he crossed these two varieties he 
obtained a hybrid that gave results in conformity with 
Mendel’s laws. That is to say all the grains formed after 
crossing were starchy grains, but in the grains raised from 
the crossed grains by self-fertilization both starchy and 
sweet grains appeared in the proportion 3:1 or 1:2:1. 
The strain with starchy grains is evidently able to convert all 
the sugar into starch, whereas the other one with sweet 
grains is unable to do so. Thus it is obvious that the gametes 
of the strain with starchy grains contain a determiner which 
leads to starch formation and this determiner is absent in the 
gametes of the sweet strain. So the dominance of a 
character over another is not a question of two contrasted 
factors, as was held by Mendel, but a question of the pre- 
sence or absence of a factor. The view that the contrasting 
characters are due to two distinct determiners has lost its 
hold. The view now generally held is that dominance is 
the presence of a factor and the absence of it is recessiveness. 
This theory of presence and absence of a factor explains 
several cases which could not be explained satisfactorily by 
the Mendelian conception of dominance. 

In most cases, if not in all, observed by Mendel one of 
the contrasting characters was found always to be dominant 
to another in all the individuals of the first generation, and in 
every three out of four of the individuals ' in the second 
generation. Many instances have been observed in which 
the individuals of the first generation derived by crossing two 
different plants did not show dominance, but they had some 
intermediate character or new characters not found in either 
of the parents. For example, a variety of paddy with straw 
coloured glumes was crossed with another variety with 
golden coloured glumes, and the hybrid plants of the first 
generation bore patchy golden colour in the ghimes. Two 
strains of white maize when crossed gave a hybrid generation 
that bore purple grains in their cobs. 
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In several cases of crossing of plants the conditions found 
in F2 generations were not in strict conformity with Mende- 
lian laws. A pea plant having smooth seeds with grey or 
brownish grey seed coats was crossed with another plant 
producing seeds with white seed coats. The FI hybrids had 
purple dots on a grey ground in the seed coat, In the 
second generation on self-fertilizing there appeared purple- 
grey seeds, grey seeds and white seeds in the proportion 
9:5:4. This is really a case with two pairs of allelo- 
morphs, namely, (1) purple and no purple and (2) grey and 
no grey. So the ratio must be as shown below : — 



For the appearance of purple colour the grey factor is neces- 
sary. Of the two parents selected for crossing one parent 
had only the grey factor and the other had no grey factor but 
had one for purple. The white parent which contained the 
purple had no grey factor in it and so the purple colour 
did not appear in the seed coat. In the second generation 
the three plants with purple factor and no grey as well as the 
single individual with no grey and no purple must appear a'S 
white and hence the proportion is 9 : 3 : 4. 

Another interesting case in which the proportion of the 
individuals in the second generation looks different from the 
usual Mendelian ratio is that of Bateson’s sweet peas (Lathy- 
rus odoratus). He crossed two varieties of sweet pea hav- 
ing white flowers and all the plants of F^ generation produced 
when grown purple flowers. When the second generation 
was raised from the first the individuals that appeared consisted 
of a mixture of plants some purple, some red and others 
white. The proportion of coloured flowers to white flowers 
was found to be 27 purple : 9 reds : 28 whites, i.e., 36 colour- 
ed : 28 white. This is really 9 : 7. From the appearance of 
the colour in the individuals of the Fi generation it is 
obvious that in the two white parents there must be factors 
which when kept separate do not produce any colour but 
when brought together produce colour. Each of the parents 
seems to have a complementary factor. When these two 
complementary factors were brought together red colour 
appeared. In addition to red flowers, purple flowers also 
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appeared in some individuals of the second generation raised 
from the first generation. This is believed to be due to the 
presence of another factor in one of the white parents. 
When all the three complementary factors are present the 
flowers are purple ; it two they are red, and if only one they 
are white. The proportion of the individimls of the second 
generation looks as though three pairs of allelomorphs are 
concerned. Then in the second generation we ought to have 
64 individuals arid 8 combinations if three pairs of characters 
are concerned. If we represent the three pairs of contrasting 
characters by the letters C B R — c b r, capital letters for 
dominance and small for recessiveness, then there will be 
27 ORB +9 CRb+ 9 CrB49 cRB + 3 Orb + 3 cRB+ 3 crB + 

1 crb. That is, 27 purples +9 reds + 9 whites + 9 whites + 9 
whitCvS + 1 white = 36 coloured : 28 white = 9 coloured : 
7 white. This is exactly what Bateson obtained in Fs genera- 
tion when he crossed the two white varieties of sweet peas. 
A parallel case was observed by Parnell in paddy. He crossed 
Garudan samba and another variety G14N, both being green 
in all their parts without any purple pigmentation. The 
individuals in Fi generation had purple colour in their 
internodes and glume tips. The F 2 generation raised from 
Fi by self-fertilization, gave 9 plants with purple colour 
in the internodes and glume tips and 7 plants with no purple 
colour in the internodes and glume tips, but with green colour 
in these parts. 

Another interesting condition in which the contrasting 
characters are coupled with one another and transmitted to- 
gether has also been observed. Emerson in his experiments 
with maize observed a case of this sort. When a maize with- 
out any colour in its grain or cob was crossed with a variety 
of maize with red cobs or red grains, in the individuals of the 
Fa generation red cobs and red grains occurred together and 
not separately. 

The main conclusions and discoveries of Mendel may be 
briefly stated as follows 

(1) He viewed a plant as an aggregate of characters 
and found that characters do not blend and that each charac- 
ter behaved as a unit and separates completely from ope 
another, 
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(2) In the case of two contrasting characters one was 
found to be dominant and the other recessive. 

(3) The gametes or the sexual cells are always pure 
and they contain the gene or factor for only one of a pair of 
allelomorphs, and even if the genes for both the characters 
enter the zygote very soon segregation takes place in the 
sexual cells of the FI generation when they form their pollen 
grains and ovules. 

(4) The of spring of a hybrid consist of dominants and 
recessives in the ratio of 3:1; the recessives and one-third of 
the dominants breed true, while two-thirds of the dominants 
breed as hybrids producing dominants and recessives and 
again in the ratio of 3 : 1. 

(5) Even when a number of allelomorphs are concerned 
each pair behaves independently, and further all combina- 
tions of characters according to the mathematical laws of 
combination can be obtained. 

The value of the discoveries of Mendel is very great. All 
the truths established by him are of enormous importance to 
breeders. His laws enable the breeders to know what the 
effects of crossing would be and to interpret results whicl^ 
were not understandable. Owing to the discovery of the 
segregation of gametes we now know that, in the second genera- 
tion of hybrids, individuals that are perfectly pure occur in 
definite proportions, and that purity of plants in respect to 
a character does not depend upon a long series of selection as 
was formerly the notion. Characters found in different 
plants may be combined in one plant, taking advantage of 
the fact that contrasting characters behave independently. 

We cannot conclude this subject better than by showing 
a few instances of the practical application of Mendel’s dis- 
coveries. Several improvements have been effected in cereals 
by following the new method of work in America, Europe 
and India. In the case of wheat Biffen saw two varieties one 
with hard grain but with poor yield and another with heavy 
yield and soft grain. He crossed both these varieties and 
obtained a hybrid which had hard grains and with good yield. 
A variety of wheat with white chaff was very much in de- 
mand but it was liable to rust. Another variety having red 
chaff with immunity for rust was also observed, By crossing 
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these two plants Biffen obtained a variety of wheat with white 
chaff and immune to rust. Thus he succeeded in bringing 
together in one plant two qualities found separately in two 
plants. When a Cambodia cotton plant having monopodial 
branches and fuzzy seed was crossed with a Bourbon cotton 
plant having sympodial branches, the hybrids of the first 
generation had monopodial branching and naked seeds. 
When the second generation was raised from the first gene- 
ration, there appeared four types of plants, viz., (1) plants with 
monopodial branching and naked seeds, (2) plants with mono- 
podial branching and fuzzy seeds, (3) plants with sympodial 
branching and naked seeds and (4) plants with sympodial 
branching and fazzy seed and the ratio was 9 of No. 1 : 3 of 
No. 2:3 of No. 3 : 1 of No. 1. The first and the fourth are 
new combinations. 

Thus it is clear that new types of plants may be produced 
by the recombination of pre-existing characters. If the charac- 
ters that are to be recombined are recessive, one can very 
easily get the combination by crossing twice, and the plant 
having the combinations would breed true on self -fertilizing. 
Bqt when the characters to be recombined constitute a mix- 
ture of dominants and recessives, the work is not so easy. 
Several crossings and selections would be necessary. Another 
advantage of crossing, in addition to the combinations, is the 
increase of vigour in the offspring or hybrids. Darwin men- 
tions that cabbage plants raised by crossing were 3 times the 
weight of those obtained by self-fertilization. Maize, pump- 
kins and tomatoes are other plants which produce more 
vigorous offspring when crossed. 
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SUPPpMENT 

GYMNOSPERMS 

The Spermaphytes consist of the two groups, Angiosperms 
and Gymnosperms. In the former the ovules are enclosed in 
a case, whereas in the latter they are naked without any 
covering. Angiosperms form the chief part of the present 
day vegetation, but the Gymnosperms form but an insignificant 
portion of the flora. Cycas, Podocarpus and Gnetiiin are the 
only genera of this group met with in a wild state in South 
India. These belong respectively to the families, Cycadacese, 
Conifers and Gnetaceae. Some species of Pinus, Oupressus 
and Araucaria, all belonging to the family Coniferse, are grown 
in some places as ornamental trees. 

CYCADACEiE. 

The tree Cyca^ circinaliB, L., occurs in the forests of South 
India, and it is also grown in gardens and conservatories. A 



Pjg. 487. Male cone of Cycas drcinalis, L. 

(from a photograph by Mr. M. 0. Parthasarathi Avyangar, M.A., 
Madras.) a ’ 

well-grown Cycad tree will be about fifteen feet high with a 
, of beautiful, leathery, green leaves. The leaves have 
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strong mid-ribs and persist for a year or two, and are replaced 
periodically by successive crowns of leaves. In certain res- 
pects, this tree bears a superficial resemblance to a palm, 
while in some characters it is suggestive of ferns. The trunk 
or stem is erect, not generally branched, and covered exter- 
nally by an armour of leaf bases. 



FiO. 488. Female cone of CycM circinalis, L. 

(From a photograph by Mr. M. 0. Parthasarathi Ayyangar, m.a., 
Madras.) 

The leaves are long and vary in length from four to nine 
feet, according to the stage of development and vigour of the 
tree. The leaf stalk is about a foot and a half, and it bears 
34 
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short, distant spines to almost near the base of the blade. 
The leaf is pinnately compound, with long, linear, stiff, 
one-nerved shining leaflets of about quarter of an inch width. 
In young leaves the leaflets are circinnately folded as in the 
fronds of ferns. (See fig. 489.) 

Being a seed plant it produces pollen and ovules, but on 
different trees (dioecious). After pollination and fertilization 
the ovules develop into seeds. The pollen is formed in the 
unilocular anthers, found in groups of three to five, on the 
lower surfaces of brownish leathery scales that are closely 
aggregated, so as to form a cylindric ovoid body or cone. 
When fully mature the cones are about a foot and a half long. 
The antheriferous scales are really modified leaves bearing 
pollen grains or microspores, and hence they are called 
microspofophylls. (See fig. 490.) 

The ovules also are borne by modified leaves called mcga- 
sporophylls, which are considerably larger than the 



Fro, 489. CycaB circinaUs, L. 1, Yery young leaf ; 2, yonng leaf ; 
3f basal and apical portions of a mature leat 
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microsporophylls. The megasporophyll when fully mature is 
about a foot long, and looks ^ery much like reduced leaves . 
The upper end of the sporophyll bears a number of small 
leaflets, but in the lower portion, in the place of leaflets, there 
are ovules. The megasporophylls occur in groups at the 
summit of the stem, but do not form compact cones. They 
surround the growing point of the stem. 

The ovules occur singly, in the places of the leaflets, and 
there are three to five pairs of ovules in each megasporophyll. 
The ovule consists of a nucellus invested by a single integu- 
ment. There is also a micropyle in the integument leading 
into the interior to the nucellus. Just above the nucellus 
there , is a cavity spacious enough for the lodging of a few 



Fig, 490, Antheriferous scales and ovule: of Cyca^i cireimJis. 1, 2, 
Antheriferons scales, front and .back view; 3, anthers; 4, pollen 
grains ; 5, ovule, showing the endosperm, archegonia and the 
integument, 

pollen grains. This cavity is called the pollen-chamber. 
Within the nucellus the endosperm is formed before fertili- 
zation, and it corresponds to the prothallus in the megaspore 
of Selaginella. At the top of the endosperm three or four 
archegonia are formed. ‘ An archegonium consists of a neck 
34-A 
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made up of a few cells and a venter containing a large 
egg-cell, the largest in the vegetable kingdom. 

The pollen is wind borne in this tree, and by chance some 
pollen grains find their way into the pollen-chamber. The 
pollen grains germinate, form some tubes which absorb food 
from the remnants of the nncellus. In addition to these 
absorbing tubes, other tubes larger than these arise from the 
pollen grains, and these tubes carry the generative cell further 
clown into the pollen chamber. The generative cell passes 
down to the extremity of the tube and becomes divided into 
two sperm-cel Is. The sperm-cells are very interesting bodies. 
They bear a large number of cilia and so they are capable of 
motion. (See fig. 491.) As soon as the pollen tube reaches the 
archegonia it empties its watery contents. The sperm-cells 
get into the archegonia by moving through this water. After- 
wards fertilization is effected and the embryo is formed. 



Fig. 491. Sperm-cells of Gycas revohta. 1, Pollen tube with two 
sperm-cells; 2, sidevie\v of a sperm-cell- (After Ikeno and Coulter.) 

Cycads are the simplest and the lowest type of all the 
living seed-plants. It is the only plant which produces naked 
seeds without developing a cone or a fioY^er, While it 
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possesses certain characteristics of the seed-bearing plants, in 
many respects it resembles a Selaginella. The formation of 
mnlticiliate sperm-cells, the development of the gametophyte 
within the megaspore, the circinnate vernation of the leaflets 
and the sporophylls, show the relationship of the Cycads 
to the heterosporous forms of Pteridophyta. The develop- 
ment of the seed and the' gametophyte remaining attached 
to the sporophyte nntil the formation of the embryo are for- 
ward steps towards spermatophytes. The presence of the 
pollen-chamber below the micropyle is a special character 
of the Gymnosperms. 



Pin. 492. Megasporophylls of Cycas circlnalh. 1, Young one; 

2, 3, older ones. 

Although Cycads are rare now, in past ages they figured 
more largely in the flora of the earth. , 

CONIFBRJS 

The two Pines, Plnus longifoUa, Roxb. and P. excelsa, 
Wall, belonging to Coniferae, occur in South India in parks 
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and gardens. They are lofty symmetrical trees with a charac- 
teristic pyramidal shape. The main stem and their branches 
retain their apical buds and so they are capable of growing iii 
length to any extent. The main trunk is quite straight and 
it can be traced from the ground to the top of the tree. The 
lower branches are longer and they get gradually shorter 
towards the top of the tree. It is in consequence o t is 
peculiarity, that the pine trees assume pyramidal shapes 
especially when they grow in open places. 



Fig. 493. Male cone-bearing branch of Pinm exceka, Wall. 1, Branch 
with leaves and male cones ; 2, a male cone ; 3, 4, siaminal scales ; 
5, pollen grains 

There are two kinds of branches, namely, long branches 
and dwarf branches or spur shoots. The long branches grow 
in length considerably due to the activity of the terminal bud. 
On these long branches occur only brown scale-like leaves. 
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The dwarf branches arise from the axils of the scale-leayes 
and they remain very short, never exceeding a fraction of an 
inch. Each spur shoot bears at its apex a cluster of needle- 
shaped green leaves. In Finns longifolia the cluster consists 
of three leaves and in P. excelsa it may have five to eight 
leaves. 

Leaves are of two kinds, namely, the scale-leaves borne by 
the long branches and the foliage leaves found at the ends of 
spur-shoots. The base of the cluster of leaves is always 
sheathed by thin membranous scales of the terminal bud of 



Fig. 494. Female cone and leaves of Finns longifolia^ Eoxb. 1, 2, 
Leaves ; 3, female cone, 

the dwarf branch. Pine leaves persist on the tree for several 
years. Therefore, this tree is never bare of leaves although 
each year some .of the older leaves drop off, With the fall 
of the cluster of leaves, the spur-shoot dries up. 


I 
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The reproductive bodies, pollen and ovules, aire borne by 
scales which are sporophylls. Both microsporophylls and 
megasporophylls are iiggregated together in cones. Both 
the cones occur on the same tree. The' male or staminate 
cones are small cylindrical bodies, not exceeding half an inch 
in length. They occur in clusters. Each cone consists of an 
axis bearing scales arranged, in spirals. There are two spor- 
angia or anthers on the lower side of every scale. The 
female cones also consist of a central axis with spirally 
arranged scales and each scale bears two ovules. Both the 
staminate and the ovule-bearing cones are modified branches. 
The female cones occur singly and not in clusters. 

The pollen grains are queer-looking objects. They are 
provided with two air-sacs one on each side of a grain. In a 
fully mature pollen grain, fom^ cells can be made out. They 
are two prothallial ceils, mother cell oftheantheridium and a 
tube cell. The two prothallial cells are not always clear, 
sometimes disorganized remnants only being visible. 

The megasporophyll has two ovules. Each of these ovule- 
bearing scales is believed to be two sporophylls fused together. 
The ovule or the megasporangium consists of the nucellns 
invested by an integument. At the apex of the ovule there 
is a micropyle, leading to a cavity below (pollen-chamber). 
Within the nucellus endosperm is formed and a remnant of 
the necellus persists at the top near the pollen-chamber. The 
endosperm corresponds to the prothallus formed in the 
megaspore of Selagiuella. 

Pollen is produced in abundance. The air-sacs facilitate 
the floating of the pollen grains in large numbers in the air. 
Consequently some of them get into the female cones and 
reach the pollen chambers. When the female cones are ready 
for pollination (lodging of the pollen grains in the pollen- 
chamber) the scales gape open. After pollination the scales 
close up without leaving any passage. 

The pollen grain begins to germinate in the pollen-chamber 
and forms a tube at first with which it absorbs food 
material from the remnants of the nucellus. Later on another 
large tube is formed which goes deeper into the pollen- 
chamber. At this stage there are only two cells in the grain, 
namely, the antheridial mother cell and the tube cell. The 
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latter descends into the end of the pollen tube, and the former 
divides into a stalk-cell and a generative cell. While these 
changes are going on, there will be formed in the prothallial 
tissue or the endosperm four or five archegonia. The pollen 
tube reaches the archegonia and by bursting pours in its 
contents and the generative cell now divided into two sperm- 
cells. One of the sperm-cells, now reduced to a nucleus, fuses 
with the egg-cell in the archegonium. After this fusion the 
embryo is formed. 

Soon after the lodging of the pollen grains in the pollen- 
chamber, the micropyle closes, by the growth of the integu- 
ment in thickness, and the scales begin to grow and close up. 
In some species of Pines the scales secrete a resinous sub- 
stance, which forms an effective barrier for water. The cones 
increase in size very much after pollination. The processes 
of pollen germination and fertilization are of longer duration 
in Pines than in other seed-plants. The formation of the seed 
and the ripening of the cones are also prolonged for nearly a 
year. 

The Cycads and the Pines clearly show that the Gymnos- 
p,j^rms have affinities with heterosporous Pteridophytes on 
the one side and with the Angiosperms on the other. 
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APPENDIX I 


ENGLER’S SYSTEM OF CLASSIFICATION 

As this system of classification is now being gradually 
adopted in all the universities and colleges a brief account of 
the system is appended. 

MONOCOTYLEDONS. 

1. Pandanales— Marsh herbs or trees. Infl. compound heads or 

spikes. Flowers uni-sexual, naked or with single or double 
perianth ; perianth bract-like. Stamens and ovary 1 to indefi- 
nite. 

2. HelobiEuE— Aquatic or marsh plants. Flowers cyclic or spiral ; 

perianth, 0 , 1 or 2 whorls, both alike or differentiated into 
calj^x and corolla ,• stamens , 1 to indefinite ; ovary 1 to 
indefinite, inferior or superior. Endosperm present. 

3. Triuridales— S aprophytes. Flowers small, long stalked, bi-sexual 

or uni-sexual ; perianth 3 to 8 , petaloid ; stamens 3, 4 or 6 ; 
^ ovary of many carpels, superior, with one basal ovule in 
each. Pericarp thick. 

4. GLUM 1 FLOR.E— Usually herbs. Flowers without perianth ; in the 

axils of glumes (bracts) ? ovary superior 1 -celled and with 
1 ovule. 

5. PRINCXPES— -Trees or climbers with palmate or pinnate leaves. 

Flowers regular, uni-sexual in compound spikes or spike-like 
racemes with spathes ; perianth in two whorls of three ; 
stamens 3, 6 , 9 or indefinite ; ovary 3-celled, with 1 ovule in 
each. Fruit berry or drupe. 

6. SYNANTHiE— Palm-like herbs, shrubs or climbers. Flowers uni- 

sexual, male and female flowers alternating over surface of 
spike ; male flowers naked or with thick short perianth and 
6 to indefinite stamens ; female flowers naked or with fleshy 
scaly perianth ; ovary many celled with the carpels miited 
and sunk in fleshy spike. Fruit multiple. 

7. Spathiplor^— Herbs or shi-ubs, erect or climbing, stem usually 

sympodial. Flowers bi- or uni-sexual, naked or with perianth ; 
single or double, in spadices enclosed by spathes. 

8 . FARiNOSiE — Herbs, rarely with stout stems. Flowers cyclic, di- 

or tri-merous ; perianth in 2 whorls of 3 stamens 3 or 6 , 
rarely 1 ; ovary superior 3 or 1 . Endosperm mealy. 

9. Liliplor^— Herbs or shrubs. Flowers bi-sexual, tri merous j 

perianth 6 ; stamens 6 5 ovary superior 3. Endosperm fleshy 
or oily. 
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10. SciTA-MiNEiE-Herbs, small or large. Flowers bi- or mii-sexual 

zygomorphic or asymmetric and tri-merous ; perianth single 
or double ; stamens 6, 5 or 1 ; ovary inferior, 3. Seeds aril- 
late. Inflorescence with large petaloid bracts. 

11. MiCROSPERMiE'~Small or large plants. Flowers tri-merous ; 

perianth of two distinct whorls ; stamens reduced to a single 
anther ; ovary inferior 3 or 1 loculed with many minute 
ovules. 

DICOTYLEDONS. 

I. Arcbichlamydes. 

^Flowers naked, or with one or two whorls of perianth, 
and petals free very rarely united.) 

1. Verticillat^— T rees. Flowers uni-sexual ; male flowers in 

catkin-like spikes, consisting of a stamen with two bract-like 
perianth ; female flowers in heads, consisting of a 2-celled 
ovary with 2 to 4 ovules in 1 cell, the other being empty. 

2. PiPERALES—Herbs or shrubs. Flowers bi- or uni-sexual, naked, 

or with a single whorl of perianth ; stamens 1 to 10 ; ovary 
1 to 4, free or united. 

3. Salicales— W oody plants. Flowers, dicecious, naked and in 

spikes } stamens 2 to indefinite ; ovary superior, 2, 1-loculed 
with many ovules on a parietal placenta. 

4. G-arryales— W oody plants with opposite evergreen leaves. 

Flowers in catkin-like panicles, uni-sexual ; male with '^4 
perianth lobes, 1 to 4 stamens and female with a superior 
ovary 2 to 3, 1-locular and with 2 ovules. 

5. MYRICALES'-Woody plants. Flowers uni-sexual, naked ; stamens 

4 or 2 to 16 ; ovary superior, 2, uni-locular with 1 ovule. 

6. P>ALANOPSii)ALES“Woody plants. Flowers uni-sexual ; male in 

spikes with one whorl of perianth ; female with many bracts 
surrounding a superior ovary with 2 ovules. 

7. Leitneriales— Woody plants. Flowers dioecious, in spikes. 

Male without perianth, stamens 3-12 ; female with superior 
ovary 1, and ovule 1. 

8. Jtjglandalbs— W oody. Flowers spiked, uni-sexual, with or 

without perianth ; stamens 3 to 40 j ovary inferior 2, 1-locular, 
with 1 ovule. Fruit drupe or nutlike. 

9. BATIDALES—Seashore shrubs with opposite fleshy leaves and 

panicles of spikes. Flowers uni-sexual ; male with a cup-like 
perianth and 4 stamens ; female with ovary only. Fruit 

10. JuLiANiALES — ^Woody with alternate pinnate leaves, dioecious. 

Male flowers indefinite in dense panicles with 6 to 8 stamens ; 
female flowers in fours in spikes, naked with ovary 1 and 1 
ovule. 

11. FAGALES—Woody, monoecious. Flowers in cymose spikes, with a 

double perianth, rarely naked ; stamens opposite to the 
perianth ; ovary 2 to 6, ovules 1 or 2i 
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12. Urticales— Herbs, shrubs or trees. Inflorescence cymose. Flow- 

ers bi" or uni-sexual ; stamens opposite perianth ; ovary 
superior 1 to 2, with one ovule in each. Fruit drupe or nut. 
Perianth, 0, 1 or 2 whorls. 

13. Proteales —Woody. Flowers bi- or uni-sexual, spikes or racemes ; 

perianth petaloid ; stamens opposite to, and adherent to the 
perianth ; ovary superior 1. 

14. Santalales— Herbs, shrubs or trees often parasitic. Flowers 

bi- sexual, perianth leaves all alike ; stamens in 2 whorls ; 
ovary superior 2 to 3, rarely 1, with one pendulous ovule. 

15. Aristolochiales— Flowers regular or zygomorphic, perianth 

petaloid, single rarely double ; ovary inferior 3 to 6, with 
axile placentation or 1-locular with parietal placentations ; 
ovules indefinite. 

16. PoLYGONALES— Herbs or shrubs, leaves ochreate. Flowers 

regular bi-sexual ; peria;nth single or double ; ovary superior 
unilocular with a single basal erect ovule. 

17. CENTROSPERMiE -Herbs. Flowers cyclic or spiral ; perianth, 

single or double ; stamens definite or indefinite ; ovary 
superior 1 to many carpels, united or free, rarely inferior 
uniloculhr, with indefinite ovules. 

18. Ranales— Herbs or shrubs. Flowers, spiral or spiro-cyclic ; 

perianth rarely 0, 1 or 2 whorls ; stamens indefinite ; ovary 
superior 1 to many, usually free. 

19. Rhcb AD ALES— Herbs. Flowers in racemes, cyclic, regular or 
^ zygomorphic ; perianth, 1 or 2 whorled ; ovary superior 2 to 

many. 

20. Sarraceniales— Herbs ; insectivorous. Flowers regular, cyclic 

to spiro-cyclic ; perianth 1 or 2 \yhorls ; stamens indefinite or 
definite ; ovary superior 3 to 5 ; indefinite ovules on parietal 
or axile placentation. 

21. Rosales— Flowers cyclic, rarely spiro-cyclic ; perianth of 2 

whorls rarely 0, hypogynous to epigynous ; stamens definite 
Or indefinite; ovary with numerous ovules. 

22. Pandales— Flowers cyclic, dioecious j perianth of 2 whorls ; 

ovary superior, 3 ; one pendulous ovule in each carpel. Fruit, 
drupe. 

23. Heraniales— F lowers 5. merous, naked or with 2 whorls of 

perianth ; stamens various ; ovary . superior, 2 to 5, rarely 
more, separating when ripe ; ovules 1 to 2 rarely indefinite. 

24. Sapindales— Woody plants ; as the last but ovule pendulous and 

reversed in position. 

25. Rhamnales— Flowers cyclic, sometimes apetalous. Stamens 

opposed to the petals, regular ; ovary 2 to 5, with 1 to 2 
ascending ovules in each. 

26. Malvales— F lowers cyclic, rarely apetalous, both calyx and 

corolla present ; calyx 5 merous, valvate, stamens numerous 
or in 2 whorls and the inner branched ; ovary 2 to indefinite, 
each with 1 to indefinite ovules, 
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27. PAiiiBTALES—Flowei’s cyclic or spiro-cyclic ; with both calyx 

and. corolla, rarely apetalous ; stamens and carpels indefinite ; 
hypogynons to epigynons ; carpels many, with parietal 
placentas, which may touch in the centre. 

28. Opuntiales— Leafless succulents, thorny. Flowers bi-sexul, partly 

spiral, with both calyx and corolla ; stamens indefinite on 
tubular axis ; ovary 4 to indefinite, unilocular with numerous 
ovules on parietal placentas. 

29. Myrtielor.b— Herbs, shrubs or trees. Flowers bi-sexual, with 

both calyx and corolla, rarely apetalous ; stamens in one or 
two whorls ; ovary 2 to indefinite ; united to axis, rarely 1, 
free. 

30. Umbel LiPLOBiE—Flowers, cyclic, umbellate, with both calyx and 

corolla ; stamens one whorled, epigynous ; ovary inferior, 
1 to 5 or indefinite, with 1, rarely 2, pendulous ovules in 
each. 


11, Sympetalse. 

(Petals Usually United.) , 

1. Ericales— Herbs or shrubs. Flowers bi-sexual, regular 4 to 5 

merous. ^ Corolla, united ; stamens hypo- or epi-gynous rarely 
united to petals at base, obdiplostemonous, or whorl before 
corolla not developed ; ovary 2 indefinite, before corolla 
. when equal in number, superior to inferior. 

2. Primulales— Flowers bi- or uni-sexual', regular or zygomorphic, 

usually 5 merous (rarely 4 to indefinite) ; stamens epi- 
petalous, 5 ; petals united ; ovary superior to inferior, 
unilocular with 1 to indefinite ovules on basal or free central 
placentation. 

3. Pltjmbagin ales— Herbs or shrubs. Flowers bi-sexual, 5 merous. 

Ovary 1 locule, with one ovule. Endosperm starchy. 

4. Ebenales— Woody plants. Stamens in 2 or 3 whorls or in 1 

whorl by abortion, rarely indefinite. Ovary, many and with 
axile placentation ; ovules few or 1 in each locule. 

5. COJ^TORT;®— Herbs or shrubs, leaves opposite and exstipulate. 

Flowers 5 merous, rarely 2 to 6 merous, corolla tubular, rarely 
free or apetalbus ; stamens 5, epipetalous ; ovary 2 loculed, 
superior. 

6. TuBiPLORiB— Herbs. Flowers, tetramerous, and isomerous if 

regular, but ovary less ; if zygomorphic stamens less, 
epipetalous. 

7. Plantaginalbs— Herbs or shrubs. Flowers bi- or uni-sexual, 4 

merous ; stamens epipetalous ; 'ovaryi superior, 2 celled, or 
I to 4, with 1 or few ovules in each, 

8. Rubiales— Herbs, shrubs or trees with simple opposite leaves. 

Flowers 4 or 5 merous, .regular ; oyary 1 or more locularj 
ovules 1 to many in each, 
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9. CucuKBiTALES—Flowers uni-sexual, 5 merous. Stamens 5, free or 

united or each two united, or all five united in a central mass 
(Synandrium). Ovary inferior S carpelled and unilocular. 

10. Campanijlatae— Herbs or shrubs. Flowers 5 merous ; stamens 

in 1 whorl, and ovary with fewer carpels ; anthers synge- 
nesious ; ovary superior or inferior ; 1 celled with one ovule 
or many celled with more than one ovule in each cell. 

Families described (in this book) grouped according to 
Engler’s system — 


MONOCOTYLEDONS. 

G-lumielor.®— G-ramineoe. Cyperaceae. 
Principes— -Palmse. 

SPATHiPLORiE— Arace^. 

FARiNOSiE— Commelinacese. ’ 

LiLiPLORiE— Liliace^, Amaryllideae. 
SciTAMlNEiE-Scitaminese. 

MlCROSPERMiE~( 


DICOTYLEDONS. 

L Archichlamydese. 

Urticales— Urticace^, 

CENTROSPERMiE- Amarantaceae, Aizoaceae, Porfculacacae. 

Rakales— N ymphaeaceae, Anonaceae. 

RHCEADALEs—Capparideae; Cruciferae. 

RoSALES—Leguminosae. 

GtERANIALES- Geraniaceae, Linaceae, .Rutacem. Meliacae, Polygalaceae 
Euphorbiaceae. 

Sapin DALES— AnacardiacejB, Sapindaceae. 

Rhamnalbs- Rhamnacea^, Yitaceae. 

Malvales— Tiliace®, Malvace®; Sterculiaceoc. 

Parietales— Yiolaceae. 

MYRTiPLORiE— Combretaceae, Myrtaccae. 
IlMBELLJELORiE-Dmbelliferae. 

11. Sympetalse. 

Ebenales— Sapotaceae. 

CoNTORTiE— Apocynaceae, A sclepiadeae. 

TuBlELORiE— Convolovulaceae, Boragineae Labiatae, Solanaceae, 
Scrophularinese, Pedalineae, Acanthaceae* 

Rubiales— Rubiaceae. 

CucuRBiTALES— Cucurbitaceae. 

Campanulas— C ompositae. 
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LIST OF BOOKS FOR REFERENCE AND STUDY 

1. GENERAL TEXT-BOOKS. 

Fitting, Jost, Schenck a.nd Karsten— Strasburgher’s Text Book 
of Botany— Fifth English Translation, Macmillan & Co., 
Ltd., London. 

Coulter, Barnes and Cowles— A Text Book of Botany for Col- 
leges and Universities. American Book Company, New York, 
Keener and Oliver— Natural History of Plants, 2 vols. Blackie 
& Son, London. 

Vines— Students’ Text Book of Botany. Swan Sonnenschein, 
London. 

Ganong— A Text Book of Botany for Colleges. Macmillan & Co., 
London. 

Bower— The Botany of the Living Plant. Macmillan & Co. 
London. 

Campbell - -A University Text Book of Botany. Macmillan & @o. 
London. 

Curtis— Nature and Development of Plants. Henry Holt & Co., 
New York. 

Ga EGER— Fundamentals of Botany. P. Blakiston’s Son & Co. 
Philadelphia. 

Densmore— A General Botany for Colleges and Universities. Ginn 
& Co. 

Atkinson— A College Text Bock of Botany. Henry, Holt & Co., 
New York. 

Bergen and Caldwell— Practical Botany. Ginn & Co., Boston. 
SMALL-Text Book of Botany for Medical Students. Churchill, 
London, 

2. MORPHOLOGY AND HISTOLOGY. 

Goebel -Organography of Plants. English Translation, Vols. I to 
III. Clarendon Press, Oxford. 

Goebel— Outlines of Classification and Morphology of Plants- 
English Translation. Clarendon Press, Oxford. 

Asa Gray’s— Structural Botany. Macmillan & Co,, London. 
Coulter and Chamberlain— Morphology of Angiosperms. 
D, Appleton & Co., New York, 
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Haberlandt— Physiological Plant ATiatomy— English Translation. 
Macmillan & Co,, London. 

Stevens— Plant Anatomy. P. Blakiston’s Son & Co., Philadelphia* 
pRiTCE AND Salisbury— Structure and Il,eproduQtian of Plants. 
G. Bell & Sons, Ltd., London. 

Cr— A Hand-book of Systematic Botany— English Translation^ 
Swan Sonnenschein, London. 

b. PLANT PHYSIOLOGY. 

PEEEEEK, W.~The Physiology of Plants— English Translations, 3 
Yols. Clarendon t' ress, Oxford. 

Jest— Lectures on Plant Physiology English Translation, Clarendon 
Press, Oxford. 

Timiriazeeu— The Life of the Plant, Longman’s Green & Co„ 
London. 

Palladin’s— Plant Physiology -English Translation by Livingstone, 
Blakiston’s Son & Co., Philadelphia. 

Darwin -Lectures on the Physiology of Movement in Plants. New 
Phytologist. 

Ganong— The Living Plant. Macmillan & Co., Ltd., London. 
Peirce— A Text Book of Plant Physiology. Henry Holt & Co,, New 
York. 

Green— An Introduction to Vegetable Physiology. J. A, Churchill, 
London. 

D4^ggar— P lant Physiology. Macmillan & Co., Ltd., London. 
Betmer, "W.— Practical Plant Physiology, English Translation. 
Swan Sonnenschein, London. 

Me Dougal -Practical Text-Book of Plant' Physiology. Longman’s 
. Green & Co., London. 

Kbeblb AND R a YNBR— Practical Physiology. G. Bell & Sons, 
London. 

OsTERHOUT— Experiment with Plants. Macmillan & Co., London. 
Jones and Rayner— Text Book of Plant Biology. Methuen & Co., 
Ltd., London. 

Bayliss— The Nature of Enzyme Action, Longman’s Green & Co.> 
London. 

Armstrong— The Simple Carbo-hydrates and Gluoosides, Longman’s 
Green & Co., London. 

Osborne— The Vegetable Proteins. Longman’s Green '& Co., 
London. 


4. ECOLOGY. 

SCHIMPER— Plant Geography. The Clarendon Press, Oxford. 
Warming— Ecology of Plants Do. 

Ceements— Plant Physiology and Ecology. Henry, Holt & Co.; Ne-w 
York. 

Tansley— Types of British Vegetation, Cambridge University Press* 
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5. CRYPTOGAMS. 

Benxki't and Muhra\^— a Hand-book of Cryptogamio Botany, 
Longman’s Green & Go., London, 

Butler— Fungi and Diseases of Plants. Thacker, Spink & Co., 
Calcutta. 

Sedgwick and Wilson— -An luiroduction to General Biology (the 
Plant Part), Henry, Holt & Co,, New York. 

H. EVOLUTION, HEREDITY AND MENDELISM. 

Dakwin -The Origin of Species. John Murray, London. 

Weissman— The Evolution Theory, Yols, I and II. (English Transla- 
tion by Thompson.) Edward Arnold, London. 

Bateson— Mendel’s Principles of Heredity. Cambridge University 
Press. 

PuNNETT— Mendelisni. Macmillan & Co., London. 

Look— Variation, Heredity and Evolution. John Murray, London. 

Co ULT EH— Punda mentals of Plant* breeding. D, Appleton d Co„ 
New York. 
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VEENACULAR NAMES OF PLANTS 



Tamil 

A 

Telugu. 

Abrus— 


G-urigiiija. 

precatorioas, L. 

... Eunthumani ... 

Abutilon— 

graveolens, W. d *•( . 

... Thufchi ... 

Tliuthiribenda, 

indicum, G. Don. 

Acacia — 

... Do 

Do. 

arabica, Wllld. 

... Karuvel 

Nallatumma. 

coiiciniia, DC. 

... Seekrd ... 

Seekaya. 

Faniesiena, W 1 1 IcL 

... Pee Velan 

Kamputumma. 

leucopbloea, WlUd. .. 

... Vel V^lan 

Tellatumma. 

planifrons, T'F. cM. ... 

... Kodal Velan ... 

Buddatumma. 

Acalypha— 

y;idica, L. 

... Kuppaiineni ... 

Kuppinta or 

Muripiudi. 

Achyranthes— 

aspera, L. 

... Ntyurivi 

. Dttareni. 


Marmeloa, Corr, 

... Bilvam 

. Bilvamu or 

Mar^du. 


lanata, 

... Poolai 

. Pindichettu. 

Agave— 

americana, L. 

... Kaththazhai 

, Bonthrakasi or 
kiththanara. 

Ailanthus— 

excelsa, Roxh. ... 

Albizzia— 

... Peemaram or 
Perumaram. 

Pee Vepaehettu 

Lebbek, Beuth, 

... Vfigai 

. Dirisana or 

Sirishamu. 

Allium Cepa, L— 

(The onion) 

... Vengayain 

,. Yerragadda. 

sativum, L. (The garlic) 
Allophylus— 

... Vellaipundu 

.. Tellagadda. 

Cobbe, Bl. 

... Amalai 

.. Eravfilu^ 
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Alstonia— 

scholaris, Bx> 

Tamil 

Ezhilaippalai 

Teluga. 

EdSkulapala. 

Alternanther-a— 
sessilis, Bt. 

Poniifinganni ... 

Ponaganti. 

4niaranti(s-- 

gangeticus, X, 

Thandukirai ... 

Ramulu or 

spinosus, h. 

Mullukirai 

Dautu. 

MullathotakUra. 

virdis, Z», 

I^uppaikirai ... 

Ohilakathota- 

Amoora— 

EoUtuka, TF. (G i 

Semmaram 

kura 

Sevamaiiu. 

Amorphophallus— 
oampanulatus, Bl. 

KiXrakaraiiai 

Tiyakaudha. 

Anacardium— 
oooidentale, L. (Cashewaut). 

Minthiri 

Muiitha mamidi, 

Ananas- 

sativus, Schult, 

Auuasi 

or Jidi mS-midi . 

Anilsa. 

Andrographls— 

echioides, Bees. 

(xopurantangi ... 


Andropogon— 

Sorghum, Brot. 

Cholam M. 

Joniia. 

Anisomeles— 
malabarica, Br 

Palampasi 

f' 

Anona- - 

retioulata, L, 

Ramaseetha 

Ramaseetha. 

squamosa, L, 

Seetha 

Seetha 

Arachis— 
hypogma, L. 

Verkadalai 

Verusanaga. 

Areca - 

CatecUu, L. 

Pakku or 

Poka. 

Argemone— 

uiexicana, A. 

Kamugu, 

Brammadandu. 

DattUri. 

Aristolochia— 

bracteata, Retz. 

Aduthimiapalai. 

GMathigada 

Artocarpus— 

iutegrifolia, L.f. (The Jack) 

Pila , 

para. 

. Panasa. 

Asparagus— 
racemosus, Willd. 

ThannirmuttSn. 

Challagadda 

Avicennia— 

offic'nalis, L, 

kizhangu. 

Kaudal 

chettu. 

.. Mada. 


Kaudal 


Mada. 
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Azadirachta— 
indica, A. Jnss. 

Tamil. 

... Yeipbu 

Bassia— 
loiigifolia, L. 

B 

... Iluppai ... 

Bauhinia— 

tomentosa, 

... Tiruvatti 

Benincasa — 
cerifera, Aarl. 

... Kalyiina- 

Berrya— 

Ammoiiilla, Eoxh. 

pusbani. 

... Tirukanamaram. 

Boerhaavia— 
repens, L 

... Mukaratai 

Bombax— 
malabaricum, DC, 

... Mulilavan 

Borassus-- 

flabellifer, L 

... Pauai 

Boucerosia— 
umbellata, PF. A . ... 

... KallimulayAu . 

Brassica— 

BK.f.d' T. ... 

... Kadugu ... 

Bryophyllum— 
calycinum, Balhh. 

... Ranakalli 

Buchanania — 

. 

angustifolia, Roxh, ... 

... Kattuma 

latifolia, Roxl. 

... Sarapparuppu 

Cadaba— 
indica, Lamk. 

C 

... Vizbuthi 

Caesalpinia — 
pulcherrima, Sio. 

... Mayilkonnai 

Cajanus— 
indicus, Sprem/. 

... Tbuvarai 

Calamus— 


Botang, L. 

... Perambu 

Calophyllum— 
inophyllum, L. 

... Pianai 

Calotropis— 

gigantea, Br. 

... Erukkam 

Canavalia— 
ensiformis, DC. 

Tbamattan 
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Telugu. 

Yepa 

Ippa, 

Adavi mandilra 

Budithaorpulla 

gummidi. 

Saraladevad^ru. 

Konda Booraga. 
Thati, 

Avalu, 

Sara. 

Chara. 

Turai. 

Kandhi. 

Ponna. 

Jilledu. 

Thamma c 
Chamma. 
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Canna— 
indica, L. 

Canthium— 

parvidorum, Lalm, 

Capparis— . 
sepiaria, L\ 

Capsicum— 
amiuum, L. 

' frutesceiis, L. 

Carallurria - 
adsceiidens, Bi\ 

Cardiospermum— 
caaescens, Wall 
Halioacabum, L. 

Carica— 

Papaya, L, 

Carissa— 

Oarandas, L. 
spinarum, l.DC. 

Cassia— 
auriculata, L, 
Fistula, L. 
obovata, Collail 
siamea, Lain. 

Cassytha— 
filiformis, L. 

Cedrela- 
Tooiia, Roxh. .. 

Celosia- 
argeutea, L. ... 

Centella— 
asiatioa, Urban 

Cephalandra— 

indica, Natid 

Cerbera— 

Odollam, Gap.rtn. 

Chickrassia— 
tabularis, Juna. 

Chloroxylon- 
Swieteiiia, DC. 


Tamil 

... Kalvazhai 

... Karai ... * 

... SCirai 

Milagai ... 

Do 

Kallimolayan 

... Miidakithuii 
... Mudakithaii 

’ ... Parangi or 
Pappfili, 

... Perungkala 

... K&U 

... Aviirai 

... Sarakkouuai 
... Nilavilrai 
... Poniiavarai or 
Karungkoiinai. 

... Koththan 

... Sevvagil 

... Pamiai ... 

... Yallarai ... 

... Kovai 

... Udalai 

Agil 

... Karumporasu .. 


Telugu. 

Mettattiamara 

Balasu. 

Mirapa. 

Do. 


Budda Kakara. 
Do. 

Bobbasi. 

Pedda kalavi. 
Kalavi. 

Tangedu. , 
RSla-. 

Nelatangedu. 

Seematangedu. 


Gulugkilra, 


Dhonda., 


Kondavepa. 

Billu. 
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Tamil. Telugu. 

Cicef— 


arietiniim, L* (Bengal gram). 
Cipadessa— 

Kadalai ... 

.. Sanagalu. 

fruticosa, Bl 

Sevvatfcai 

. Tiiruka vepa. 

Cissus— 

quadrangularis, L 

Citruliiis— 

Perandai 

Nalleru’. 

Colocyiithis, Schrad 

Citrus - 

Pekkummatti .. 

.. 

Anrantium, L, 

K.ichili ... 

Naringa or Na- 

Cleome — 

viscosa, L 

Nflikkadugu 

.. Kukka v/uninta. 

Clerodendron— 

phlomoides, L.f. 

Thalaiiji 

.. 

Clitoria— 

Ternatea, L. 

Krikkattfinkodi. 

Dintana or Gila 
kariiika. 

Cochlospermum— 

Gossypiuin, DO. 

Kattilavan 

.. Adavi bilraga. 

Cocos— 

nucifera, L 

. Theiigu .. 

... Kobbirichettu. 

procumbeiis, L. 

. Seruppadai 


Colocasia— 

Antiquorum, Schott ... 

. Seppan kizti- 
angu. 

Chama. 

Commelina— 

bengaleiisis, L. 

. Kfinaviizhai 

... 

Cordia— 

Myxa, L. 

. Naruvalli 

... 

Cratysva— 

religiosa, 

.. Mavaliiigaii 

... Uliinidi. 

Crinum— 

assiaticum, L 

Yizhamiliigal 


Crotalaria— 



juncea, L 

.. Banal 

Jaiiumu. 

verrucosa, L 

Cucumis — 

.. Gilugiluppai 

... 

pubescens, Tinr 

.. Thummatti 

or Usthi, 


Sukkankai. 


trigoiins, Boxh. 

.. Thummatti 
Sukkankai. 

or Do.- 
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Tamil. 

Cucurbita- 

moHchata, Dnch Pushini 

Curculigo— 

orchioides, Gmin Nilappauai 

Curcuma - 

longa,! Manjal 

Cyanotis— 

axillaris, R. & S Vazhukkaipillu. 

cucullata, 

Cynodon — 

' dactylon, Per.s‘. ... Arugampillu 

Cyperus * ••• Koral 

Cyperus— 

arenarius, Ret^., rotuudus, L. KOral 


Telugu. 

(lummadi, 

Nelathati. 

Pasupu. 

Amirthakada. 

Gerike. 

Tunga. 

Tmiga gaddi. 


Daemia— 
extensa, iir. ... 

Datura 

Dichrostachys— 
oinerea, W . <£• A, 
Digera 

arveiisia, Fonlc. 
Dodonaea— 
viscosa, L. 
Dolichos— 
Lablab,!., 11 .. 

Dregea— 


D 

Velipparuthi ... Juttupaku. 
Umathan ... Ummeta. , 

Vattathari ... Veluturu. 

Thoyyakklrai ... 

Valfiri or Virali. Bandaru. 

Avarai or Anapa or Chik- 
Mochai. kudu. 

Kurinja 


E 

Eclipta— 

alba, Karishirilnganni. 

Elettaria- 

Cardamomum, Maion ... Elam Elakkulu. 

Eleusine - 

^gyptiaca, Defff. Mathangapillu ... 

Entada - 

scandeus, Benth, ... A. Samudrapuliyan. 
Eriodendron— 

aiifractuosum, DC Ilavau Buraga. 

Eupenia— 

Jambolana, Lam Naval 


Neredu. 
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Tamil. Telugu. 

Euphorbia— 


autiquorum, L, 

hirta, L, 

rosea, Refz. 

Tirucalli, L 

... Chadurakalli ... 

.. Ammampaelia- 
risi. 

... Chiuna ammam- 
pachariai. 

.. Tirugukalli 

Bontakalli. 

Evolvulus— 
alsinoides, L 

... Vishnukrfiutlii 

Vishnukrilntham. 


P 


Feronia— 

Elephantum, Corr. 

... Yibl 

Yelaga. 

Ficus — 

asperrima, Ro-id. 
bengalenais, L. (Banyan) 
glomerata, Rod). 

hispida, L 

religiosa, L. (Peepal) 
Tsiela, Rod 

... Pechchi or Pethi. 

... Alam 

... Aththi 

... Pechchi or Pethi. 

... Arasu 

... Ichchi 

Karakabodda. 

Marri. 

Bodda. 

Kukkabodda. 

Bavi. 

Juvvi. 


G 


Gloriosa— 

auperba, L 

Gossypium— 
herbaceum, L 

... Kalappaiki- 
zhangu. 

... Paruthi 

Pathi. 

Guazuma— 
tomeiitosa, Kunth, 

... Thenpuchikai .. 


Gynandropsis— 
peiitaphylla, DC. 

... Velai 

Yamiiita. 

GyrocarpuS" 

Jacquini, Roxh. 

... Tauuku 

• 

. Poliki or Tanu- 
ku. 

Hardwickia— 
binata, Roxh 

H 

... Acha 

Ygpi. 

Helictres— 

Isora, L, 

... Valambiri 


Heliotropium— 
indicum, L 

... Telkodukku- 
chedi. 
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Hibiscus— 
cannabinus, L. 

esculentus, L. (okra) ... 
micranthus, L. 
Eosa-sinensis, L, 

vitifolius, L 

Holoptelea— 
iritegrifolia, Plaiich ... 
Hygropbila- 
spinosa, T. Inden 


Tamil. Telugu. 

Pulichai or Gogu. 

Kachurukai. 

Bendai Benda. 

KuruvippUudu. 

Sappatki ... Dasani 

Mandara. 

Manituti ... Karupatti. 


... Aya 
... Nirmulli 


Indigofera— 

aspalatlioides, y<(hl 

enneaphylla. L. 

lonidium - 
suffruticosum, (ring 
Ipomoea— 

Batatas, Lamk. (Sweet Potato), 
biloba, Fonk 


I 

Sivanarvembu ... 
Cheruppu nerinji. 

Orilaitamarai ... 

Sakkarai Yalli ... 
Musalkadukirai. 


Jasminum 

Jatropha— 

Curcas, L. 

Justicia- 

tranqneb.iriensis, L.f. 


J 

... Malligai Malle. 


Ktlttfunanaku ... 


... Sivruiilrvenibu ... 


Lepidagathis— 
cristata, Willd. 

Leptadenia— ^ 

' reticulata, If. (t‘ A 

Leucas— 

aspera, 

linifolia, Spreng 

Lippia- 

nodiflora,' Rich, 

Lycopersicum— 
esculeutum, Miller (Tomato). 


X. 

Palaikodi 

Thumbai 

Do, 

Poduthulai 
Simaitliakkali ... 
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Mangifera — 
indica, L, (Mango) 

Melochia— 
corchorifolia, L, 

Michelia 

Millingtonia— 
horteiisis, L.f, .. 

Mimusops— 

Elengi, L. 
hexandra, RoA. 
Mirabilis 

Momordica— 
Charaiitia, L. ... 

Morinda— 
tinctoria, RoA, 

Murraya — 

Koenigii, Sjyr. ... 

Musa- 
paradisiaoa, L. 

Myristica -- 

i^fragrans, Boatt. 

Naravelia— 
zeylanica, DC. 

Nelurabium— 
speciosum, WUkL 

Neriura— 
odorum, Solaiid 

Nicotiana— 
Tabacum, L. ... 

Nymphsea— 
pubescens, Willd. 

Ocimum— 
Basilicnm, Z. ... 
canum, Hum. 
sanctum, Z. 

Odina-- ^ 
Wodier, RoA. ... 


M 

Tamil. 

.. m 

.. Punnakku 
piiiidu. 

... Shenbagani 

.. Maramalli 

Maghizham 

... Palai 

... Andi maliigai ., 

.. Paghal 

... Xuml 

.. Kariiveppilai . 

... Yfizhai 

... Jfithikai 

N 

... Thamarai 
.. Arali 
... Pugailai 
... Alii or Ambal ... 

O 

... Tirunltrupachai. 
Naithulasi 

... Thulasi 

... Udayan 


Telugu. 

Mamidi. 

Chittintha kura. 

Sampangi. 

MrmumalU. 

Pogada. 

Pfda. 

Kakara. 

Maddi. 

Karcpaku, 

Arati or Arti. 
Jfijikilya. 

Mukkupinata- 
tiga. • 

Damara, 

(xann(?ru. 

Pogaku. 

Kaluva, 

Kukkathulasi. 

Thulasi. 

Oddhi or Gum 
pena. 
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Oldenlandia— 
umbellata, L. 


Tamil. Telugu. 

Chfiyavgr 


Pandanus 

P 

Thazhai ‘ ... 

Mogili. 

Panicum— 

frumentaceuni, Roxh 

Kudirai vali ... 


miliacenm, L 

Panivaragu 


miliare, Laiiil". 

Siimai 


repens, L. 

Injiverpul or 

... 

Pavonia— 

zeylanica, Cur. 

Thandankattai- 

pul. 

Sithamutti 


Pennisetum— 

typhoideum, Rich 

Cumbii 


Phaseolous— 

Mungo, L 

Payaru 


trilobus, Ait 

Naripayaru 

... 

Phoenix-- 

sylvestris, Roxh. 

Ichan 

... 

Phyllanthus— 

Emblioa, L 

Nelli 

Uain. 

maderaspateiisis, L 

Melanelli 

N6la usiri. 

reticulatus, Potr 

Pula 

Nallapurugudu. 

Physalis — 

minima, L 

Siru tliakkali ... 

Budama Kayu. 

Piper 

Milagu 

Miriyalam. 

Pistia— 

Stratiotes, L 

Akasathamarai ... 


Pithecolobium— 

dulce, Benth 

Korukilpili 

Seemachintha, 

Plumbago— 

zeylanica, L, 

Cliitramrdam ... 

Chitramulam 

Polianthes - 

tuberosa, L 

Nilasampangi .. 

... 

Polyalthia— 

longifolia, Benth. (f" Book. f. 

Asogu or 

Asokamu. 

Polygonum— 

glabrum, Willd 

Netlingi. 

. Attalari 


Pongamia— 

glabra. Vent. ... 1.. 

. Pungan 

, Kanuga. 

Psidium— 

Guyava, L 

. Koyya 

Jarnal 
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Punica— 

G-ranatum, L, (Pomegranate). 

Tamil 

Madalai 

Telugu. 

Dalimba. 

Quisqualis-*- 
indica, L, 

e 

Rangoon malli, 


Randia— 

dumetorum, Lamh 

E 

Mark^ilam 

Manga. 

Raphanua — 

sativTis, X, (Radish) 

Mullangi 

Mullangi. 

Ricinus - 

communis, X. (Castor) 

Amanakku 

Amidapu ohettu, 

Ruellia— 
prostrata, Lamk, 

Pataskai chedi 



Santalum ... 

... Sandanam 

Srigandapu manu. 

Sapindus— 

^ emarginata, Yahl ... 

... Pftngankottai or 

Kfigati. 


Ponnangkottai, 


Sarcostemma— 

brevistigma, W.(^ A. 

... K-odikkalli 


Sesbania— 

ifigyptiaca, Peru. 

... Karumsambaior 

Nalla soininta. 

grandiflora. Peri}. ... 

Sithagatti. 

... Athi 

Avisi. 

Setaria— 

italics, Beauv* .. 

Tenai 

Korra. 

Solanum— 

Melongena, X, (Brinjal; 

... JCaththiri 

Yenkaya or 

nigrum, X 

... Milaguthakkali 

Vanga. 

torvum, Si/% ... 

or Manatha- 
kali. 

Sundai ... 


tuberosum, X. (Potato) 

... Urulaikizhangu. 

Urlagadda. 

xanthocarpum, Schrad 

Mullikai or 

... 

* Wendell. 

Kandang 


Spermacocc— 

kathiri. 


hispida, X 

... ThatharS 




538 


VERNACULAR NAMES OP PLANTS 



■ • ’ Tamil. 

Telugn 

Streblus — 

asper, Lour 

... Pirayaii 

, Barauika. 

Synantherias - 

... Kattukaraiiai .. 


sylvatica, Schott. 

. 


T 


Tamarindus— 

indica, L. (Tamarindl 

Piiliyan 

Chiutba- 

Tephrosia - 


Yempali. 

purpurea, Pers. 

Koliiiji 

villosa, Pen 

Kolinji 


Terminalia— 

■Arjuna, W. c5 A. 

Marathu 

Telia maddi. 

Catappa, L. 

Nattu Yadumai. 

Badami. 

Ckebula, Refs. 

Kadukkai 

JECaraka. 

Thespesia- 

populnea, Gorr, 

Puvarasu 

Gangaravi or 

GangarSni. 

Toddalia— 



aculeata, Pen. 

Milagfirauai ... 

Koiida kasiiida. 

Trapa— 

bispinosa, Roxh. 

Singarakottai ... 

... 

Trianthema— 

decaudra, L 

SHrauai or Silrva- 
lai. 

Galijcru. 

Portulacastrum, L. 

Yellai Sfiranai or 
Sarvalai. 

Telia Galjeru. 

Tribulus— , 

terrestris, L 

Nerinji ... 

Palleru. 

Trichodesma— 

iudicum, Br. 

Kazbuthai 

tb-umbai. 

... 

Trichosanthes— 

anguina, L 

... Pudal 

Potla. 

Typbonium— 

trilobatum, Schott. ... 

..4 Karungkaranai. 



U 

lirginea— 

indica, Kunfh. ... Narivengayam ... 
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Vallisneria— 

spiralis, L 

Ventilago— 
madraspataaa, Gm'tn, 
Vernonia— 

cinerea, Lm 

• Vigna-' 

Catiaiig, Emil 

Vinca— 

pusilla, Man 

rosea, L. 


Vitis^ 

vinifera, L, ^^G•rape) ... 


Tamil Telugu. 

V 

Velampasi 

Vembadam 

Mfikutbipi^iidii. 

Kfiramaui ... Alasanda or 

Bbbbarakaya. 

Milagai poondu. 

Pillayarpoo or Billaganneru. 

Thnlukka- 
malli. 

■Draksbi ... Draksha. 


W 

Withania Amtlkran kisb- 

angu. 

\5[Tightia— 

tinctoria, Br Veppalai ... Tedlapala . oi 

Ankudu. 

X 

Xanthium— 

Strumarium, A Martil umathan. 



Z 


Zea— 

Mays, L. (Maize) 

... Makkicholam .. 

. Mokka Joiina. 

Zingiber— 

... Inji 

. Allara. 

officinale, Rom' 

Zizyphus— 

Jujnba, Lamk. 

... Ilandai 

. Begu. 

(Enoplia, Mill 

... Sfaii 

. Banka. 

xylopyrus, WiM, 

... Kottai 

Gotti 



540 


GLOSSARY 


GLOSSAEY. 


Accessory fruits, fruits reinforced by stem, or other structures as in 
Jack fruit, apple, etc., 280, 

Acbene, one-seeded, dry, indehisceut fruit, 283, 375. 

Acblamydeae, flowers without a perianth, 520 
Acropetal, from top downwards, produced in a succession towards 
the apex as applied to development of organs, 35. 

Acuminate, applied to the apex of a leaf when it is prolonged into a 
fine point, 127. 

Acute, applied to the leaf apex when it is pointed without being drawn 
out, 127. 

Adnate, attached to the whole length ; also applied to anther-lobes 
attached by their entire length to the filament, 423. 

Adventitious, arising at unusual places : as buds at other places than 
nodes or roots at places other than roots, 26, 36, 312. 
dEcidia, cup shaped bodies occurring in fungi and producing spores 
on the hymenium inside, 474. 
dEcidiospores, spores formed in iEcidia, 474. 
dErenchyma, tissue of thin-walled cells with large air spaces found 
in the stems of marsh plants serving for aeration or floating 
429. 

dErial roots, roots that develop in the air, 66. 
dEstivation, applied to the folding in of the sepals and petals in the 
bud, 249. 

Aggregate, forming a dense cluster : applied to fruits formed of a 
flower and with free carpels, 286. 

Ala (pi. alai), the lateral petal of a papilionaceous corolla or the 
wing-petal, 238, 248. 

Aleurone grains, proteid grains present in seeds, especially in oily 
seeds; 31. 

Aleurone layer, the special outer layer of regular cells with proteid 
granules in the grains of grasses, 31. 

Algae, ^ lowly organised plants either unicellular or multicellular 
without tissue dift'ereutiation, but containing chloroplasts, 462. 
Allelomorphs, unit characters existing in antagonistic pairs, 492, 
Alternate, at intervals one after the other : said of leaves when they 
arise singly at the nodes, 118. 

Amplexicanl, applied to leaves when they embrace the stem, stem 
clasping, 391. 

Anabolism, the constructive chemical changes of the protoplasm 
leading to the building up of more complex from simpler sub- 
stances 102. ^ ' 
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Andrceciam, stamens of a flower collectively. 

Aadropliore, stalk bearing the stamens. 

Angiosperm, plants whose seeds are enclosed in an ovary, 315, 

Anunlar vessel, vessel having thickenings disposed in the form of 
transverse rings, 47, 143. 

Annnlns, the region or ring of thickened cells in the sporangia of 
ferns, 442. 

Anther, the portion of the stamen which contains the pollen-grains, 7. 

Antheridinm, the male organ in cryptogams which produces sperm- 
cells, 444, 454. 

Antherozoid, motile sperm-cell provided with cilia, and formed in 
antheridia, 444. 

Antipodal cells, the three cells at the base of the embryo sac formed 
by the division of the primary nucleus, 260. 

'Apocarpous, applied to fruits when the carpels are quite free from 
each other, 253. 

Appressed, close and flat against ; applied to hairs, 386. 

Archegonium, the female organ on the prothallns of ferns or found 
in other cryptogams producing the egg-cell, 444, 454. 

Aril, an appendage on the seed arising from the stalk or from the 
mioropyle, 291. 

Anricled, said of leaves with basal lobes shaped like an ear, 125. ' 

Awn, a bristle-like appendage usually found on the glumes of grasses, 
421. 

Axil, the angle formed by a leaf with the stem on the upper side, 5. 

Axile placentation, applied to an ovary when the ovules are attached 
to the central axis, 252, 

Axillary bud, a bud arising in the axil of a leaf, 73. 


Bacterial nodules, swellings formed in the roots of leguminous plants 
by bacteria which are able to fix the free nitrogen of the air, 68. 

Bacterium (pi. Bacteria), lowest very minute plants devoid of 
chlorophyll, 1, 68, 216. 

Basidia, large cells found on the surface of the gills of a mushroom, 
or on the corresponding surface of any of the related fungi at 
whose ends the spores are produced, 477. 

Basidiospores, spdres formed on or borne by basidia, 474, 476. 

Basifixed (or innate), applied to anthers when attached at the base, 
251. 

Basipetal, growth in the direction of the base, 231. 

Berry, a fruit with a pericarp fleshy throughout, 281. 

Bifarions, leaves two-ranked or arranged in two vertical rows, 421. 

Bilabiate, having two lips, 391. 

Bipinnate, twice pinnate, having both primary and secondary* divi- 
sions of a pinnate compound leaf, 127. 

Bisexnal, said of a flower with both stamens and pistil, 235. 

Blade, the expanded portion of a leaf, 114. 
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Bordered pit, a pit in which the margin projects over the thin closing 
membrane, 143. 

Botryose (or racemose), applied to an inflorescence in which the 
flowers develop in regular acropetal succession, so that the older 
flowers are at the base and the younger at the top, 229. 

Bract, reduced leaf subtending a flower or an inflorescence, 128, 226, 

Bracteate, provided with bracts. 

Bracteole, a small bract placed below the flower on the pedicel, but 
not subtending it, 237. 

Brand spore, a spore with a thick membrane, 475. 

Bryophyta, group of plants including mosses and liverworts, 439. 

Bud, an undeveloped condensed shoot, all the parts being very young 
, and small and the more delicate younger parts being protected by 
the older parts, 5, 12, 74. 

Bulb, a modified underground shoot having a short flat stem with 
numerous roots below and scaly leaves and buds above, 85. 


C 

Caducous, applied to sepals or petals falling oft very early, 246. 

Callus, mass of cells formed on cut or exposed surfaces by the active 
division of cambium and parenchyma, 112, 

Calyptra, the membranous covering over the capsnle of a moss, 
formed from the apex of the archegonium, 455. 

Calyx, the outermost whorl of a typical flower; the sepals collectively, 
6, 246. 

Cambium, the layer of living cells lying close to the wood in stems 
and root.s which leads to the secondary thickening of stems and 
roots, 61, 90, 91, 159. 

Campanulate, bell-shaped. 

Capitulum, flower-head ; an inflorescence in which the flowers are 
sessile and crowded at the end of the stalk of the inflorescence, 
228. 

Capsule, a dry fruit formed of more than one carpel which opens to 
let the seeds escape, 285. 

Carbohydrate, a substance formed out of carbon, hydrogen, and oxy- 
gen, the two latter being in the same proportion as in water, 184. 

Carpel, a simple pistil, or part of a compound pistil, 253. 

Caruncle, a massy outgrowth on a seed near the hilum, as in castor 
seed, 20, 291. 

Caryopsis, a seed-like fmit in which the pericarp and testa are fused 
together ; applied to the grains of grasses, 283. 

Cell, the unit of plant structure or a bit of protoplasm enclosed by a 
■ cellulose membrane, the cell-wall, 26, 137. 

Cell'Sap, the liquid content of a cell having certain salts, sugars, etc 
in solution, 29, 146. 
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Cellulose, the substance which goes to form the cell-wall when young 
and having the same composition as starch, 32, 144. 

Cell-wall, the wall of a cell originally :composed of cellnlose but 
altered later on by deposition of other substances, 28, 142, 

Centrif ngal, from the centre to the periphery ; said of an inflorescence 
when the order of opening is from the top to the base or from the 
centre to the periphery, 52, 231. 

Centripetal, applied to an inflorescence whereof the flowers are deve- 
loping from without inwards, as opposed to centrifugal, 49, 230. ^ 

Chlorenchyma, the assimilating tissue or the interior parenchyma of 
a leaf, 133. 

Cblorophyll, the green colouring matter of plants contained in chloro- 
plasts, 141, 186. 

Chloroplasts, the masses of protoplasm which are of a green colour 
and found imbedded within the protoplasm of cells of parts 
exposed to light, 141. 

Chromatin, the portion of ’the nucleus which readily takes the 
artificial staining, 140. 

Chromatophore, a collective term for all plastids, 141. 

Chromoplast, a plastid containing other colouring matter than chloro- 
phyll, 142. 

Chromosomes, staining bodies of definite number into which the 
body of the nucleus divides in nuclear division, 147, 148. 

Cilliate, fringed with hairs or cilia. 

Circinnate, coiled downwards from the tip, applied to the folding of 
• the leaves when young, 440. 

Circnlation, the peculiar streaming movement of protoplasm seen in 
living cells, 139,225. 

Cladophylla or Cladode, flattened stems or branches doing the func- 
tions of leaves and sometimes appearing like them, 132. 

ClaTate, club-shaped. 

Claw, the narrowed base of certain petals ; the stalk of a petal, 

Cleft, divided about half way in the leaf -blade, 126. 

Cleistogamoas, said of unopened flowers which are self -fertilised 
264. 

Coccns, the dry portion or carpel of a schizocarp or splitting fruit, 
283. 

Collenchyma, a kind of strengthening tissue beneath the epidermis 
formed of liviug cells thickened at the corners, 96, 111, 157. 

Comose, having a tuft of hairs, 291. 

Compound, said of a leaf whose blade is cut into separate pieces 
(leaflets) so that one piece (a leaflet) could be detached without 
injuring others, 6. 126. 

Condnplicate, folded together applied to leaf -blades, 116. 

Cones, the flower clusters of cyoads and conifers, 509. 

Conjugation, fusion of two sexual elements or gametes which are 
similar ; the union of like gametes, 465. 

Connective, the portion of the stamen which connects the filament 
with the anther and its lobes, 251, 256. 
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Contorted (twisted), said of a corolla in ■which each petal regularly 
covers, and is covered by another petal, 249. 

Convolute, said of leaves when rolled up along the length from one 
margin to the other, .one being over the other, 116, 

Cordate (or beartstaaped), applied to a leaf-blade, 125. 

Cork cambium, a layer of living cells which by active division forms 
the cork-tissue, 156. 

Cork-tissue, a kind of protective tissue formed on old stems and roots 
and also on cut or exposed surf aces consisting of dead cells whose 
walls are impervious to water and gases, 100. 

Corm, a modified underground fleshy stem or bases of stems having 
buds and with or without scales, 85, 311. 

Corolla, the petals of a flower collectively, 6, 247. . 

Corona, an out-growth from the corolla or from the stamens, 248. 

Corpuscle, the small blackish or brownish mass connecting the arms 
of the pollen-masses in Asclepiads, 381. - , 

Cortex, the portion of stem or root lying between the epidermis and 
the stele, 46, 88, 96. 

Corymb, a flat-topped inflorescence of the racemose type (also 
applied to cymose type) having the lower, older pedicels longer 
than the upper younger ones, 227. 

Cotyledon, the seed leaf or leaves of the embryo plant formed inside 
the seed, 11, 127.' ' . , 

Crenate, applied to the margin of leaves when it has rounded teeth, 
125. 

Cross-pollination, transference of pollen to the stigma of a flower 
from a flower of a different individual, 262. 

Cryptogams, flowerless plants j literally plants whose sexual -parts are 
hidden, 1,438. 

Cuneate or Cuneiform, wedge-shaped, 440. 

Cnpule, cup-like structures on the thallus of some liverworts contain- 
ing gemmse or vegetative buds, 458. • * 

Cuspidate, applied to the apex of a leaf which possesses a small 
triangular piece, 127. 

Cuticle, the outer lining on the epidermis of leaves and steins and 
formed of the substance cutiii which is impervious to water, 30 
138. , ’ 

Cyclic, arranged in whorls, 521. 

Cyme, a fiat-topped or- convex flower cluster in which the central 
flower is the first to open, 231: • 

Cymose, an inflorescence in wliioli the primary axis ends in a flower 
and gives rise to branches which repeat the same process; also 
termed centrifugal, 78, 230, 

Cytoplasm, all the substance within the living cell, except the 
nucleus, 138, 139. ■ • ^ 

B 

Deciduous, falling o,ff at the, end of the growing season, applied to 
leaves and petals, 246. 
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Decomponnd, more than- once compound, 127. 

Decnrrent, applied to a sessile leaf blade when it extends down the 
stem in the form of a wing. , ■ , ■ . 

Decussate, arrangement of opposite leaves placed at right angles to 
each other and forming four rows on the stem, 120. . 

Definite, applied to cymose type of inflorescence, 231. . , 

Dehiscence, the act of opening of anthers or fruits, 251, 285. 

Dentate, applied to the margin- of leaves with straight teeth, 125. 

Diadelphons, said of stamens .united by their filaments into two 
bundles, 239. 

Diastase, the enzyme or ferment which converts starch into sugar, 30, 
195. 

Dichasiam (dichotomons cyme), a cymose inflorescence' with 
branches arising in pairs, 231. . 

Dicotyledonous, having two cotyledons or seed leaves, 315. 

Didynamous, said of stamens, when there are two pairs of them, one 
pair longer than the other, 250. 

Digestion, transformation of insoluble substances in a cell into forms 
in which they may be dissolved, 195. 

Digitate (or palmate), applied to a lobed or compound leaf in which 
all the lobes or leaflets are attached at the end of the petiole, 9, 

■ 126. 

Dimorphic (or dimorplions) occurring in two forms, 239. 

Difficions, having the sexes separated in two distinct individuals, 243. 

Disk, the central part of the head of a compositse as opposed to the 

^ margin j also a flat or annular structure found in a flower around 
the ovary. 

Distichous, in two vertical rows. 

Dominant, in hybrids the character which is prevalent as opposed to 
a character which is hidden (recessive), 492. 

Dorsal suture, the midrib of a carpel, or its back side, 254. 

Dorsifixed (or adnate), fixed on the back; said of anthers, 251. 

Drupe, a fleshy one-seeded fruit having a stony endocarp; a stone 
fruit, 281. 

£ 

Egg-cell, the female cell in the embryo-sac which develops into an 
embryo after fertilization, 260. 

Elater, a spirally marked thread borne among the spores of some 
liverworts and slime moulds, 459. 

Emarginate, having a decided terminal notch, 127. 

Embryo, the young plant containedan the seed, 11, 292. 

Embryo-sac, the cell in the ovule in which the embryo is formed, 259. 

Endocarp, the innermost layer of the pericarp, 281. 

Endodermis, the innermost layer of the cortex forming a sheath 
round the stele, 49, 96. 

Endogenous, arising from deep-seated tissues, 219. 

Endosmosis, passing of a liquid through a membrane into a more 
concentrated fluid, 169. 
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Endosperm, ilie reserve food stored outside the embryo and within 
the embryo-sac in seeds, 20, 140, 290. 

Energy, the capacity for doing work, 187. 

Energy, kinetic, the energy of actual motion, 207. 

Energy, potential, energy not manifested in action, but stored, 207. 

Entire, said of a leaf margin which is neither indented nor toothed, 
125. 

Enzyme, a substance formed in a living cell which causes chemical 
changes in other substances, without itself undergoing any change, 
195. 

Epicalyx, bracts placed outside the calyx in certain flowers, as in 
Malvaceae ; also called involucre or involucral bracts, 239. 

Epicarp, the outermost layer of the pericarp in a fruit, 281, 

Epidermis, the outer protective layer of cells of leaves and young 
stems, 88, 96, 153. 

Epigeal, said of cotyledons coming out of the ground in germination 
24. 

Epigynons, applied to a flower in which the other parts rise from 
above the ovary, as the result of the fusion of the hollow 
receptacle with the pericarp of the ovary, 251, 255. 

Epipetalous, applied to stamens arising from the corolla tube, 241, 250. 

Epiphyt es, plants growing on other plants for the sake of attachment 

‘TShbt parasitic, 66, 435. 

Exodermis, the thickened layer or layers of cells beneath the 
piliferous layer of roots, 57. 

Exogenous, arising from external tissues and having cambium, 218. '**' 

Exosmosis, flow of a fluid outwards through a membrane into a less 
dense fluid, 169. 

Exserted, said of stamens when they protrude beyond the tube of the 
corolla. 

Exstipulate, without stipules. 

Extrorse, said of anthers when they open outwards, i.e., towards the 
petals and away from the pistil, 252. 


P 

Falcate, sickle or scythe-shaped. 

Family, a group of related genera, 315, 

Fascicle, a condensed cluster of flowers, leaves, stems or roots, 

Fertilization, the fusion of the germ-cell of the pollen-grain with the 
egg-cell in the ovule which leads to the formation of an embryo 7 
'256. 

Fibres (or sclerencbyma), long, narrow, thick-walled cells tapering 
at both ends found in the mechanical tissue of plants, and without 
any contents, 49. 

Filament, the stalk of the stamen, 7. 

FUiforin, slender or thread-like. 
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Follicle, the free dry carpel of an apocarpous fruit opening at the 
front or ventral suture only, 284. 

Free-central placentation, attachment of the ovules to anaxis in the 
fruit which is not connected with the wall of the ovary but arises 
from the bottom of it ; also called basal placentation, 253. 

Frond, the leaf of fern, 440. 

Frnit, ripened ovary with its contents, 279. 

Fugacions, falling off soon, 

Fungus, a plant of low organization and devoid of chlorophyll, 469. 

Funicle, the stalk of the ovule or the seed, 397. 


G 

Gametes, specialized bits of protoplasm whose fusion is necessary for 
the formation of seed, 308. 

Gametophyte, the generation of a plant which bears the sexual organs 
and gives rise to the sporophyte, 443, 445, 468. 

Gamopetalous (or Monopetalous), applied to corollas having petals 
united together, 239. 

Gamosepalous (or Monosepalous), applied to a calyx with united 
sepals, 239. 

Gemma, bud-like body found in cup like structures on the flat bodies 
of some liverworts and capable of developing into an individual, 
458. 

Genus, the smallest natural group containing distinct species, 315. 

«Geotropism, movement in parts of plants in response to the stimulus 
of gravity, 222. 

Geotropism, negative, turning away from the earth, as stems, 222.’ 

Geotropism, positive, going towards the earth, as roots, 222. 

Germination, the development and emergence of the embryo from the 
seed, 19. 

Gill, one of the vertical flaps on the under side of the cap of a mush- 
room, on whose surface spores are borne, 477. 

Glabrous, smooth without hairs. 

Gland, an or^an of secretion or a small prominence having a secreting 
function, 236 

Glaucous, covered with a bloom. 

Glome, the scale-like bract in the inflorescence of grasses and sedges, 
419, 420. 

Grafting, attachment of the parts of two plants in such a way that 
they will unite and grow together. 

Growing point, the growing tip of a stem or root consisting of 
embryonic cells from which the different tissues arise, 41. 

Guard cells, the cells which go to form the stomata and regulate their 
opening, 134. 

Gymnosperm, a plant in which the ovules are naked and not enclosed, 
608. 

Gynandrons, applied to stamens adhering to the pistil, 249. 

Gynsecenm, pistil or pistils of a flower taken collectively, 252. 
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Gynobasic, having an enlargement' or prolongation of the receptacle 
bearing the gyna3ceum applied to the style, 400. 

Gynophore, stalk of the pistil more or less elongated, 328. 


Habitat, locality in which a plant grows. 

Halophytes, plants thriving in saline places, 433. 

Haplochlamydeons, having a single perianth. 

Hastate, applied to- the leaf-blade when its basal lobes are tnrned out- 
wards, 125. 

Hanstorinm (pi. hanstoria), the sucking organ of a parasitic plant 
which penetrates the host to obtain food, G9, 210. 

Head (or capituliim), an inflorescence in which the flowers are sessile, 
and crowded at the top of the peduncle, 228. 

Helicoid cyme, an inflorescence of the sympodial type in which the 
lateral branches are developed on one side only, 231, 388. 

Hermapbrodite, applied to flowers having both the stamens and pistil 
in the same flower, 235. 

Hesperidium, a superior syncarpous berry, like the orange, formed of 
many carpels and covered by a tough rind, 282. 

Heterocyclic, floral whorls not uniform. 

Heterogamoas, having two kinds of flowers in the head, as in Compo- 
site, 374. 

Heterosporons, having two kinds of spores, ' 

Heterozygote, a zygote resulting from the fusion of the gametes of a 
pair of allelomorphs, 494. 

Hilam, the scar left on the seed by the funicle or placenta to which it 
was attached (also applied to the central point or nucleus of a 
starch grain round which the layers are seen). 

Hirsute, beset with stiff hairs. 

Homochlamydeous, having perianth leaves all alike. 

Homogamons, having flowers all of one kind, 375. 

Homosporoos, having one kind of spore only, 449. 

Host, a plant which nourishes a parasite, 210. 

Hyaline, colourless or translucent. 

Hyaloplasm, the clear non-granular portion of the protoplasm, 139, 

Hybrid, a plant produced by the crossing of two species or varieties 
491. 

Hydrophytes, plants adapted to an aquatic mode of life, 426, 427. 

Hydrotropism, curvature induced by the stimulus of moisture, 223. 

Hymenium, the layer or layers bearing the spores in the sporophore of 
a fungus, 477. 

Hypha, one of the thread-like elements found in the body of a fungus 
470. - ' ■ 

Hypocotyl, the portion of the seeding which is below the cotyledons 
and above the root, 15. * 
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Hypocrateriform, said of the corolla with a long tube and flat spread- 
ing limbs ; salver-shaped, 329. 

Hypogeal, said of seedlings when the cotyledons lie below ground, 25. 

applied to flowers, when the stamens and the perianth 
are at the base of the ovary, 250, 255. 


Imbibition, passage of water through cell-wall and protoplasm by 
making them more porous, 168. 

Imbricate, the overlapping of petals or sepals in such a way that one 
or more parts have both their margins completely inside, 249, 

Indefinite, not definite ; when applied to an inflorescence it moans, 
the older flowers are at the bottom or outside and the youngest at 
the top or centre, 230. 

Indebiscent, said of fruits not opening or splitting to shed their seed, 
283. 

Indasinm, covering of sori in ferns. 

Inferior, said of an ovary surmounted by the other parts of the 
flower. 

Inflorescence, collection of flowers on an axis, 226. 

Innate, applied to an anther when joined by its base to the apex of a 
filament, 251. 

Integument, the covering of the ovule, 259. 

Internode, the portion of the stem between two nodes or joints, 5. 

Il^trorse, applied to anthers which open inwards towards the pistil 
as opposed to extrorse, 252. 

Involucre, a series of bracts surrounding several flowers or their 
supports, as in the heads of compositse or in the umbels of 
unibelliferee. 

Involute, leaf edges rolling inwards from both the margins as in the 
.Lotus leaf, 116. 


Karyokinesis, nuclear division ; same as mitosis, 147. 

Kata holism, chemical changes occurring in the protoplasm and 
resulting in the decomposition of substances, 192. 

Keel, the boat-shaped anterior petals of a papilionaceous flower, 238. 
248. 

Kidney-shaped, reniform ; applied to organs which are 'crescent- 
shaped with rounded ends, 125. 


Labiate, lipped ; said of a gamopetalous corolla having an upper and 
lower lip, as in Leucas, 247. 

Lamella, a thin plate found in a thickened cell-wall, 142, . 

Lamina, the blade of a. leaf, 114. 
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Lanceolate, shaped like a lance ; applied to a leaf having a somewhat 
broad base and tapering towards the apex, 12-1, 

Latex, the milky secretion of such plants as Euphorbia, Eicus, 162. 

. Latex tnbes, tubes containing a milky juice, as in Euphorbia, 162, 

Leaflet, a separate segment of a compound leaf, 6. 

Legume, a monocarpellary fruit opening by both the margins, 284. 

Lenticel, a spot in the bark intended to facilitate exchange of gases 
and consisting of loosely arranged cork-cells, 43, 157. 

Lianes, applied to large woody climbers, 80, 

Lichen, a cryptogam formed of a fungus and an alga, 213. 

Lignification, the thickening of cell walls by means of lignin, 144. 

Ligulate, applied to the strap-shaped corolla of the ray florets in the 
head of a compositas, 248, 374. 

Lignle, a structure found at the junctions of the blade and the sheath 
in the leaves of grasses, 420. 

Limb, the border or the expanded part of a monopetalons corolla, the 
blade of ale if or petal. 

Linear, applied to a leaf, petal or sepal, when it is very long and 
naiTOw, 124. 

Locnlicidal, applied to the dehiscence of a capsule when the opening 
is by the dorsal or back side so as to expose the cavity. 285. 

Lodicnle, small scale found in the flowers of grasses just outside the 
stamens, 420. 

Lomentnm, a legume constricted between the seeds and separating 
.into one-seeded parts, 284. 

Lysigenous, applied to cavity formed by the disorganization of cells^, 
165. 


Iff 

Mechanical tissue, the tissues which contributes to the rigidity and 
strength of plant organs, 107. 

Medulla (or pith), the central core within the stele of dicotyledonous 
stems, 88. 

Medullary rays, the rows of parenchyma cells which extend from the 
pith to the cortex, 88. 

Megasporangia, sac producing megaspores, 445. 

Megaspore (Macrospore), the larger spore in a pteridophyte, when 
two kinds are produced, 445. . . 

Mogasporopbyll, a leaf bearing megaspores, 510. 

Mericarp, one carpel of the fruit of an umbellifer, 371. 

Meristem, the active dividing uniform cells in plants located in young 
parts at the growing points, 41. ‘ 

Mesocarp, the rniddle portion of the pericarp in fruits, 281. 

Mesophyll, the parenchyma which form the chief part of the interior 
of a leaf, 134. 

Mesophyte, a plant flourishing in habitats having a moderate amount 
of humidity in air and soil, 437. 

Metabolism, chemical changes occurring in an organism, 192. 
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Micropyle, the hole in the ovule through which the pollen-tube enters 
in the act of fertilization ; also the aperture found in the seed 
coat, 11, 259. 

MicrosporaDginm, a sac producing microspores, 445. 

Microspore, the smaller spore in a pteridophyta, when the spores are 
of two kinds and the pollen grain of a fiow’-ering plant, 445. 

Microsporophyll, leaves bearing microspores, 610. 

Mitotis, Nuclear division or indirect division of cells, 147. 

Monadelphous, applied to stamens united together by the filament 
forming one bundle or a tube, 249. 

Moniliform, like a string of beads, 359. 

Monocarpellary, formed of one carpel only, 253. 

Monochasium, a cyme with one main axis, 234. 

Monocotyledon, a plant having only one cotyledon, 315. 

Moncecioiis, having the stamens and pistil on separate flowers but on 
the same plant, 243. 

Monopetalons, same as gamopetalous, 241. 

Monopodial, applied to a stem or axis resulting from the activity of a 
single terminal growing point, 77. 

Monosepalons, same as gamosepalous, 238. 

Mucronate, having a mucro or a sharp point at the apex of a leaf, 127, 

Multiple fruit, a fruit consisting of the pistils of a number of flowers, 
consolidated into a mass, 289. ■ • 

Mycelium, the vegetative portion of a fungus consisting of hyphae 
470. 

Mycorrhiza, fungus found in association with the roots of certain 
plants either, within or without and for the advantage of both, 213, 

IT 

Nectary, an organ which secretes nectar or honey, 268. 

Node, the part of the stem whence leaves arise, 5. 

Nucellus, the body of the ovule within the integument containing the 
embryo-sac or megaspore—the megasporangium, 259. 

Nucleolus, a sharply defined small body found inside a nucleus, 140. 

Nucleus, the important part of a living cell which is of a denser 
nature and which initiates the division of a cell, 29. 140. 

Nut, a hard in dehiscent one-seeded fruit. 


Obcordate, inversely heart-shaped, the notch being apical. 
Oblanceolate, lanceolate with the broadest part towards the- apex.' 
Oblique, unequal sided, 

Oblong, applied to a leaf -blade or a perianth lobe when it is longer 
than broad with more or less parallel sides, 124. 

Obovate, applied to a leaf-blade when it is egg-shaped but with the 
narrow end towards the base, 125. 

Obtuse, said of the apex of a leaf -blade when it is rounded, 127. 
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Ochrea (Ocrea), tubular stipule, 115. 

Opposite, applied to leaves arising in pairs at the same node, 118. 
Orbicular (or rotund), said of a leaf having a round outline, 125. 
Osmosis, diffusion of fluids through a membrane, 169. 

Ovary, the portion of the pistil which contains the ovules, 7’ 

Ovate, shaped like an egg, the broader end being near the base, 125. 
Ovule, the part of the ovary which develops into seed after f ertiliza 
tioii, 250. 


P 

Palea, the scale-like part which covens the flowers of grasses and this 
is two-nerved, 420. 

Palisade parencbyma, parenchyma consisting of elongated chloro- 
phyll containing cells found below the upper epidermis of most 
leaves, 134. 

Palmate, same as digitate, 9. 

.Panicle, an open mixed inflorescence, racemose or cymosc or both, 
234, 

Papilionaceous, having the shape of a butterfly; said of a corolla 
made up of a standard, two wing-petals and a keel formed of two 
petals, 248. 

Pappus, the hairy or bristle-like outgrowth found on the top of the 
ovary or seed of certain Compositae, 375. 

Parasite, a plant living on another called its host, 211. 

Parenchyma, the cellular ground tissue of plants consisting of thin# 
walled cells, 162. . . , . 

Parietal placentation, attachment of ovules to outgrowths on the 
inner wall of the ovary, 253. 

Pedicel, the stalk of an individual flower, 237. 

Peduncle, the flower stalk of a solitary flower or of an inflorescence. 

Peltate, applied to a leaf attached to the stalk on the lower surface 
instead of at the margin, 32,3. 

Pentamerous, with the parts in fives, 315. 

Pepo, the fruit of a gourd ; an inferior one-celled fruit with a hard 
riud and ])arietal placentation, 282 

Perianth, the floral envelopes, calyx and corolla, 245. 

Peribelm, the embryonic layers beneath the epidermis at the growing 
point, which become developed later into cortex, 150. 

Pericarp, the wall of the fruit, 279. 

Pericycle, the ring of cells of the stele just within the endodermis, 
50. 

Periderm, the cork tissue, 156. , 

Perigynous, said of the flower when the perianth and. stamens are 
placed round the ovary, 251. 

Perisperm, reserve food formed in the ovule outside the embryo-sac. 
290. 

Persistent, remaining for a long time as the calyx on some fruits 
e.g., Bfinjal, 246. 
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Petal, part of a corolla usually brightly coloured, 6. 

Petaloid, said of sepals when coloured like petals, 247. 

Petiole, the leaf -stalk, 6. 

Phelloderm, the innermost layer of the periderm, 156. 

Phellogen, the cork cambium, 156. 

Phloem, the portion of a vascular bundle consisting of sieve-tubes and 
parenchyma, 50. . 

Photosynthesis, formation of starch from water and carbon dioxide 
within the chloroplastids under the influence of sunlight, 186. 

Phyllode, a flattened petiole assuming the form and functions of a 
leaf, 1B2. 

Pbyllotaxis (or pbyllotaxy}, the arrangement of leaves on the stem, 
118, 

Pilens, a convex expansion terminating the stipe of a mushroom, 'and 
bearing the hymeninm, 477. 

Piliferous layer, the outermost layer of cells in the root which 
produces the root-hairs, 45. 

Pinnate, said of a compound leaf having the leaflets arranged in two 
opposite rows on a common petiole, 10. 

. Pinnnle, a secondary leaflet, 443. 

Pistil, the innermost part of a complete flower consisting of the ovary, 
style and stigma, 7. 

Pistillate, applied to flowers having the pistil alone, without the 
stamens, 242. 

Pistillode, an undeveloped pistil. 

•Placenta, the outgrowth in the ovary which bears the ovules,’ 252. 

Plasma membrane, the limiting protoplasmic membrane at the 
exterior of plant cells which are without cell-walls, or the mem- 
brane which lies in immediate contact with the cell-wall when it is 
present, 139. 

Plasmolysis, the separation from the cell-wall of the protoplasm as a 
result of osmotic action, 169. . ■ 

Plastid, a specialised portion of the protoplasm having a definite work 
to do, such as the manufacture of starch, chlorophyll or 'other 
pigments, 141. 

Plerome, the central core of tissue in the growing point beneath’ the 
periblem, 150. ■ ' 

Plumose, having feathery outgrowths, 299. 

Plumule, the part of the axis of the embryo in the seed above the 
insertion of the cotyledons, 12. 

Pneumatophore (or pnenmathode)-, the breathing roots- of certain 
plants such as those of Avicennia, 69. 

Pollen, the yellow powdery substance found in the anther lobes, 7. 

Pollination, the transference ofTpollen from the anther to the stigma 
of the same or another flower, 7. 

Pollininm (pi. pollinia), a pollen-mass composed of all the pollen 
grains, in a pollen-sac, 275. 

Polygamons, having unisexual as well as hermaphrodite flowers in the 
same plant or species, 243. 
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PolypetalOQS, ha-ving many free petals. 

Fame, an inferior fleshy fruit in which the fleshy part consists of the 
receptacle and adnate calyx, 282. 

Posterior, next or towards the main axis, superior or upper side. 

Primary axis, the axis in the embryo which develops into the main 
stem, 11. 

Primary mednllary rays, the first formed rows of parenchymatous 
cells which radiate from the pith to the cortex betw^een the 
vascular bundles, 95, 96, 

Primary meristem, the formative tissue of a young organ, 51. 

Procambiai strands, bands of tissue in the procambium which ulti^. 
mately become vascular bundles, 94. 

Procambinm, the ring of small embryonic tissue in the stele from 
which vascular bundles arise, 94, 152. 

Protandrons, applied to a flower in which the stamens shed their 
pollen before the stigma is receptive, 265. 

Proteid, a complex nitrogenous substance consisting of carbon, 
hydrogen, nitrogen, sulphur and phosphorus, 194. 

Prothallns (prothalliam), the gametophyte of ferns and other 
pteridophytes, resulting from the germination of an asexual spore 
443. , ’ 

Protogynons, applied to a flower in which the stigma is ready to 
receive the pollen before the anthers are mature, 264. 

Protonema, a thread-like vegetative growth produced by the germi- 
nating spore of a moss, and on which the conspicuous moss plant 
is developed as a lateral or terminal shoot, 455. ^ 

Protoplasm, the living substance of plants consisting chiedy of pro- 
teids, 28, 137. 

Pteridophytes, fern plants and their allies, 439. 

Pyrene, the small portion of a drupe, 282, 372. 

Pyrenoid, colourless bodies found in chloroplasts of algge, 465. 

Pyxis, a capsule which opens transversely by the separation of a lid, 


Q 

Qninconcial, said of the estivation of calyx or corolla with five parts, 
two being in, two out and one in and out, 241, 249, 340. 

E 

Raceme, an inflorescence having a main axis with stalked flowers on it 
arranged in acropetal succession; 227. 

Racemose, same as botrydse, 229. 

Rachis (Rhachis), the axis of an inflorescence, compound leaf or 
frond. 

Radicle, the part of the primary axis of the embryo lying below the 
attachment of the cotyledons, 12, 24. 

Ramenta, thin chaffy scales found in the epidermis of ferns, 439. 
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Raphe, the continuation of the seed stalk along the side of an inverted 
ovnle. 

Receptacle, the dilated end of the flower stalk from which all the 
parts of the flower arise ; also called torus, or thalamus, 235; 255. 

Recessive, applied to a character in a hybrid when it is hidden but 
appearing in the offspring of hybrids, 492. 

Reniform, same as kidney-shaped, 125. 

Respiration, the breaking down of protoplasm and food in it as a 
result of which energy is set free for the use of the organism, 204. 

Response, change produced in a cell or organism as a result of a 
stimulus. 

Reticulated vessels, vessels with thickenings in the form of a net- 
work, 47, 143. 

Refuse, applied to the apex of a leaf when it is notched, 127. 

Revolute, rolled backwards or downwards. 

Rhizoid, an elongated cell or a row of cells serving as a root in mosses 
and liverworts, 444, 453. 

Rhizome, a creeping underground stem sending roots down and shoots 
above, 84. 

Rhizomorph, branched strands of mycelial hyphae, 477. 

Rhizophore, a slender hut stiff leafless branch in Selaginella, which 
develops true roots on reaching the soil, 451. 

Root-cap, the structure found at the extreme end of young roots 
forming a protective covering, 35. 

Root-hairs, elongated cells of the piliferous layer in the youngest 

m portions of roots, 44. 

Root-sheath, special covering of the radicle in monocotyledonous 
seeds especially in grains, 23. 

Root-sucker, a shoot originating from the root, 36. 

Rotate, wheel-shaped ; applied to a united corolla having a short tube 
and spreading limbs, 247. 

Rotation, a peculiar kind of movement of protoplasm, 138, 225. 

Runner (or stolon), a prostrate branch which strikes roots and deve- 
lops shoots, 80. 


S 

Sagittate, applied to a leaf blade having two straight lobes at the base 
and shaped like an arrow, '125. 

Samara, an indehiscent winged fruit, 283. 

Saprophytes, plants that take nourishment from dead organic matter, 
213, 469. 

Scaiariform vessels, vessels having thickenings in the form of a 
ladder, 47. 

Scale-leaves, small leaves which are found in underground shoots or 
stems above ground, 19, 127. 

Scape, a leafless peduncle arising from a subterranean stem, 323. 

Schizocarp, a dry fruit which splits into separate parts or segments, 
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Schizogenous, cavity formed by the splitting of the cells and the 
intercellur space enlarges, 166. 

Sclerenchyma, tissue consisting of long cells with narrow cavity and 
very much thickened cell-walls without any protoplasm, 49, 157. 

Scorpioid cyme, a cymose inflorescence with the lateral branches 
developed alternately on opposite sides, 232. 

Scutellum, the shield-like structure or cotyledon in the grains of 
grasses, 23. 

Self-pollination, pollen of one flower reaching the stigma of the same 
flower or that of another flower on the same plant, 2G2. 

Semi-parasite, a plant which derives part of its nourishment from 
another (host), 209. 

Sepal, a segment of a calyx, 6, 

Septicidal, opening along the septa, or lines of partition of a capsule, 
286. 

Septifragal, when the valves of the fruit break away from the septa, 

Serrate, applied to the leaf-margin when toothed like a saw, 107. 

Sieve-tabes, the rows of long tubes with perforated cross partitions 
(sieve-plates) found in the phloem of a vascular bundle, 42. 

Silique, an elongated pod having a false partition and opening by two 
sutures, usually found in Cruciferse, 327. 

Soras, a spot or region in which spores are formed, a cluster of 
sporangia in the fern, 441. 

Spadix, an inflorescence having a fleshy axis with numerous sessile 
flowers closely packed together, the whole surrounded by a 
common bract, 228, 417. • 

Spathe, the large bract enclosing the flowers of a spadix, 228, 237. 

Species, a group of plants so much alike as may be called by the same 
name, 325. 

Sperm-cells, the male reproductive cells, 444. 

Spermaptaytes, seed-bearing plants ; also called phanerogams, 1. 

Spike, an inflorescence in which the flowers are sessile on a long axis, 
228. 

Spikelets, the small flower clusters of grasses enclosed by scaly bracts 
called glumes, 420, 423. 

Spiae, a sharp woody structure regarded as a modified leaf, branch or 
stipule, 82. 

Sporangium, a case or sac containing spores, 441. 

Spore, a reproductive cell which becomes free and capable of direct 
development into a new plant, 438. 

Sporopbylls, leaves bearing sporangia containing spores, 449. 

Sporophyte, the generation which produces spores, 444. 

Stamens, the male part of a flower having a filament and an anther, 
the latter producing the pollen, 7, 249. 

Staminode, an aborted or rudimentary stamen, 242, 394. 

Standard, the posterior petal of a papilionaceous corolla, 238, 248. 

Stele, the central core of tissue and cells enclosed by the cortex 
stems and roots, 47, 93, 96, 
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Stigma, the topmost part of the pistil which receives the pollen, 7, 
259, 

Stimnlas, an active agent existing outside the plant such as light, 
moisture, etc., producing definite changes in the plant, 424. 

Stipe, the stalk which bears the pilens or cap of Agarics, 477. 

Stipnle, an appendage of the leaf found at the node on either side of 
the leaf base, 5, 114. ^ 

Stolon, branch disposed to root, 80. , ' 

Stomata, minute openings in the epidermis of leaves and young sfepis, 
which promote the gaseous exchange between the atmosphere 
and the interior of plants. 134. 

Strophiole, an outgrowth on the hilum of some seeds, 291, 

Satnre, an apparent seam of union, or a line of dehiscence, 253. 

Syconium (or fig), a multiple fruit formed of a hollow fleshy recep- 
tacle, inside which the fruits are placed, 2881 , 

Sympodial, applied to the method of branching in which the main 
axis ceases to grow and the lateral branches form a false axis, 78. 

SyncarpoQS, said of a fruit when the carpels are fused or united 
together, 253. 

Synergids, the two nuclei found at the upper end of the embryo-sac 
by the sides of the egg-cell, 260. 

Syngenesioas, applied to anthers when they are united together sq , 
as to form a tube, the filaments being free, 249, 375. 


Tap-root, the main root, the continuation of the radicle, 4. 

Teleutospore, a resting two-celled spore of Uredineae, a group of 
fungi, 473. 

Tendrils, thread-like organs by means of which some plants cling on 
to their supports, 78, 81. 

Testa, the hard outer coat of a seed, 291. 

Tetradynamons, said of stamens when they are six in number, two of *' 
them being shorter than the rest, 250. 

Thalamus, the receptacle or torus of the flower, 256. 

Thallns, vegetative body having no distinction into leaf and stem, 
438. 

Thorn, a pointed woody structure regarded as a modified branch, 82. 

Tissue, a combination of cells similar in origin and texture, 41. 

Trama, a mass of hyphge in the lamellse of some fnngi, from which 
the hymenium springs, 477. 

Truncate, applied to the apex of a leaf when it is straight as though 
cut off, 127. 

Tuber, a modified underground branch which is swollen and fleshy, 
84. 

Turbinate, shaped like a top or inverted cone. 

Twiner, a plant which climbs or twines, by winding their stems round 
their supporte, 80. 

Twisted, contorted, 249, 

37 
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Umbel, a flower cluster in which all the pedicels spring from the same 
point, 228. 

Unit characters, define characters in the gamete which in heredity 
behave as indivisible entities, 492. 

Utricle, a small thin-walled fruit, a fruit with thin loose pericarp, 
402. 


V 

Vacuole, a cavity in the protoplasm of cells containing the cell-sap, 
29, 4;i, 138. 

Valvate, when sepals or petals meet together without overlapping, 
248. 

Vascular bundle, a group of conducting cells consisting of xylem 
and phloem, 46. 

Vegetative reproduction, propagation by vegetative means, e.g., 
cuttings, buds, etc., as opposed to sexual reproduction, 308. 

Vein, one of the vascular bundles of a leaf usually appearing as a 
whitish green line, . 

Velamen, layer or layers of absorbing cells found in the serial roots 
of certain epiphytic orchids and aroids, 67, 436. 

Ventral, pertaining to the side of a member which faces the axis 
from which it springs, in floral organs the side facing the centre 
of the flower, , 

Versatile, applied to the attachment of the anther to its filament at a 
point so as to move freely, 251. 

Verticillaster, a false whorl formed of many cymes congested 
together as in Lencas, 233, 401. 

Vessel; a long tube produced by the breaking down of the cross walls 
in a row of cells. 

Viviparous, giving rise to a new plant by germination or producing 
a bud, 412. 

W 

Whorl, arrangement at one plane around the stem, . 

Wing-petal, the lateral petal of a papilionaceous corolla, 238, 248. 

X 

lerophyte, plant adapted by its structure to a dry habitat, 426, 431. 

Xylem, the wood portion of the vascular bundle, 49, 90, 15^ 

Z 

Zygote, the cell resulting from the union of two gametes or male and 
female cell, 493. 
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A 

Abrus precatorius, 355 
„ explosive floral 

mechaDism, 271 
Absorption of light bv chlorophyll, 
187 

Absorption of water by root-hairs, 
167 

Abntilon, 119, 334, 335 

„ arrangements of leaves, 
119 

Abntilon, fruit, 280 

„ leaf-foldiQg,116 

Acacia arabica, 358, 359 

„ „ compound leaf, 127 

„ auriculiformis, phyllodes, 
132 

Acacia concinna, 360 
„ Farnesiana, 360 
„ • leucophloea, 360 
„ planitfons, 74 
Acalypna indica, 403 

„ „ arrangement of 

leaves, 121 

Acalypha indica, leaves, 125 
Acantliacese, 395-398 
Acanthus ilicifolius, 434 
Accessory fruit, 280 
Achenes, 283, 375 
Achyranthes aspera, 401 

„ „ inflorescence, 

227 

Acropetal succession, 35, 114, 226 
Acuminate, 127 
Acute, 127 

Adaptation, structure to function 
in roots, 61 

Adiantum capillus veneris, 439 
Adnate, 251, 423 
Adventitious buds, 36, 73, 312 
' „ roots, 26, 37 
Aecidia, 474 
Aecidiospores, 474 
Aegle Marmelos, 344 
Aerating system, 182 
Aerenchyma, 429 
Aerial roots, Banyan, 65 
Aerides, 409^ 

Aerua javanica, 402 


Aerualanata, 402 
„ Monsonia, 402 
Affinities, 314 
Agaricus campestris, 477 
Agaves, 433 
Agave americana, 412 
„ vivipara, 412 
Aggregate fruit, 286 
Ailanthus, winged fruit, 299 
excelsa, 74 

fruits, 283 

Aiz;oace3e,366 
Albizzia Lebbek, 39, 360 
Aleurone grains, 31, 144, 195 
„ layer, h, 195 
Algse, 462 
Allelomorphs, 492 
Allium cepa, flower, 245 
Allium cepa, 413 
„ sativum, 413 
Allophylus serratus, 350 
Almond, 282 
Aloe, 238, 248, 438 
Alsodeia zeylanica, 330 
Alstonia, 119 

Alternanthera sessilis, 402 
Alternate, 118 

Alysicarpus monilif er, 355 ' 

„ rugosus, explosive 
mechanism in flowers 
271 , 

Amanintacese, 401—403 
Amaranth, leaf arrangement, 121 
„ wind pollination, 266 
Amarantus, spike, 228 
„ gangeticus, 402 

„ polygamus, 402 

„ spinosus, 243, 402 

Amarantus spinosus, bracts as 
spines, 305 

Amarantus viridis, flower, 245 
» „ 402 

Amtoryllidege, 411 
Amoora Rohituka, 347 
Amorphophallus,_corm, 86, 311 

„ inflorescence, 228 

„ campanulatus, 417 

Amount of water absorbed bv 
seeds, 14 

Ampelocissus, 348 
Amplexicaul, 391 
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Anabolism, 192 
Anacardiaceas, 351-353 
Anacardium occidentale, 352 

„ „ pedicel, 280 

Ananas satiyus, fruit, 280 
Andrographis echioides, 397 
Andropogon, 422 

„ Sorghum, 421, 476 
Aneilema nuditlorum, 415 
„ spiratum, 415 
Angiosperm, 315 
Anisomeles malabarica, 400 ■ 
Annular vessels, 47, 143 
Annulus, 442 
Anonacese, 320—322 
Auona, folding of leaves, 116 
reticulata, 321 
„ squamosa, 320 
Anthers, 7 

Antheridia, 444, 454, 458 
Antherozoid, 444 
Anthooeros lasvis, 460 • 

Antigonon. tendril, 82 

„ venation of leaf, 133 
Antipodal cells, 260 
Apex of leaves, 127 
Apocarpous ovary, 253 
Apocynad, 163 
Aponogeton, 430 
Apple, 279 
Appressed, 386 
Apocynaceie, 378—380 
Araohis hypogsea, 73 
Ajchegonia, 444, 454 
Areca catechu, 416 , 

Argemone mexicana, 482 

„ „ dehiscence of 

fruit, 285 

Argemone mexicana, indefinite sta- 
mens, 114 _ 

Argemone mexicana, seeds, 296 
„ „ sessile leaves, 

114 

Aristida, 422 
Aristolochia, flower, 273 
„ fruit, 285, 286 

„ hracteata, under- 

ground stems, 82 
Aroidege, 416-417 
„ leaves, 125 

„ inflorescence, 273, 274 
Arrangement of mechanical tissues, 
107 

Artocarpus, fruit, 280 
„ seeds, 292 
Artocarpus integrifolia, stipules, 

115 

Artocarpus integrifolia, 406 


I Asafoetida, 371 
1 Asclepiadeae, 380—383 
Asclepiads, latex, 163 
Asparagus racemosus, 413 
Auricled, 125 
Auxonometer, 220 _ 

Avicenuia officinalis, 434 
Axile placentation, 252 
Axils, 5 

Azadirachta, leaves, 119 

„ iiidica, 346 

B 

■Racteria, 478 

Bacterial nodules, 68, 215, 216 
Bacterioids, 215 
Banyan, as epiphyte, 68 
„ fruit, 28t 
‘ „ leaf, 124 

,, roots, 37, 54 

Barium carbonate, 17 
Barleria Prionitis, 397, 398 
Barringtohia racemosa, 435 
Basidia, 477 

Basidiospores, 474, 476, 477 
Basifixed, 251 
Basipetal, 231 
Bassia longifolia, 376 
„ malabarica, 377 
Banhinia tomentosa, flowers, 269 
Bengal gram. 15, 34 
Benincasa, 138 i 

Bentham and Hooker’s system of 
classification, 317—339 
Berberis, anthers, 252 
Berry, 281 

Berrya Ammonilla, 339 
(Trincomali wood) 

Bicollateral vascular bundle, 161 
Bifarions, 421 

Biophytum sensitivum, 343 
Bipinnately compound, 127 
Biseriately, 422 
Blastania Garcini, 365 
Blepharis mollnginifolia, 397, 398 
Blnmea, leaves, 122 
Blumea amplectens, 375 ' 

„ wightiana, 3/5 
Boerhaavia calyx, 267 
„ fruits, 305 
Bomhax malabaricnm, 336 
Bonnaya veronicsefolia, 390, 393 
Boragineae, 382-386 
Borassus flabellifer, 416 • 
Bordered pits, 143 
Botrydium granulatum, 466 
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Botryose, 229 
Bougainvillea, bracts, 267 
Bracts, 128, 226, 237 
Bracteoles, 237 
Branch, 74 
Brand spore, 475 
Brassica juncea, 326 
Brinjal fruit, 280 
Bryophyllum, 312 

calycinum, leaves, 125 
Bryopiiyta, 438 
Boucerosia, 132 

Boucerosia umbellata, 381, 426 
Buchanania angustifoha, 352 
„ latifolia, 352 
Bud, 5, 12, 74 
Bulb, 


Cadaba indica, 329 
Caducous, 246 
Caesalpinia, 227, 267 

„ pnlcherrima, 355 
Cajauus indicas, 11, 355 . • 
Calamus Botang, 416 
Calcium carbonate, 17, 145 
„ oxalate, 145 . 

Callus, 112 
Callus-formation, 112 
Calgphyllum Inophyl.lum, 15 
Calotropis, 119, 124, 248 
„ fruit, 284 
,, giraiitea, 276, 380 
Calycopteris noribuuda,362 
Calyptra, 455 
Calyx, 6, 246 
Cambium, 51, 90, 91, 159 
Canavalia, 221 

„ eusiformis, 73, 355 

„ „ seeds, 11 

„ fruit, 284, 302 
Cane sugar, 189 

Canna, 116, 290 

Canna indica, 84, 411 
Cansjera, 210 

Canthium parvifiorum, 372, 373 • 
Capitulum, 228 
Capparidese, 328, 329 
Capparis sepiaria, 328, 329 
Capsicum annum, 389 ' ■ > • 

„ frutesceus, 389 

Capsule, 285 

Caralluma adscendens, 381 
Carbohydrate, 184 , 
Cardiospermum, 82, 127 
Cardiospermum, Halicacabum, .248, 
349 . ' 


Cardiospermum canescens, 350 
Carica papaya, 243 
Carissa Carandas, 77 
„ spinarum, 378 
Carotin, 141 
Carpel, 253 
Caxrot, 64, 172 
Carum copticum, 370 
Caruncle, 20, 291 
Caryopsis, 283 
Casparian spots,’ 49 
Cassia, 227, 267 

„ auriculata, 115, 126, 355 
„ fistula, 355 
„ obovata, 125 
„ siamea, 126, 355 
Cassytha filiformis, 211 
Castor, fruit, 280 
„ seed, 34,292 
Casuarina, 132 
Caudicle, 381 

Cedrela, winged seeds, 299 
Cells, 26, 137 , 

Cell-division, 146, 147 

Cell inclusions, 144 

Cell-sap, 29, 146 

Cellulose, 32, 144 

Cell-wall, 28, 142 

Celosia, 228 

Celosia argentea, 402 

Centella asiatica, 80, 125, 308, 369 

Centrifugal development in root, 

Centrifugal development in inflores- 
cence, 231 

Centripetal development in roots, 
49 

Centripetal development in inflores- 
cence, 230 

' Ceratophyllum demersum, 428 
Cerbera Odollam, 307 
Ohara, 138 
' Chenopodinm, 262 
Chlamydospore, 475 
'Chlorenchyma, 133, 441 
Chlorophytum attenuatum, 413 
„ ' tuberosTim, 413 
Chlorophyll, 141, 186 
Chloroplasts, 141 
Chlorophyllin, 187 
Chloroxylon swietenia, 347 
Cholam grain, 24 
„ roots, 37 
Chromatin, 140, 14' 
Chromatophores, 141 , 
Chromoplasts, 142 ^ 
Chromosomes, 147, 148 
Chuckrassia tabularis, 347 



Cicer arietinum, 11, 73, 355 
„ „ growth of roots, 

221 

Cicer arietinum, structure of roots, 
47 

Ciutractia sorghi-vulgaris, 476 
Circinnate, 440 
Circulation, 139, 225 
Cissus, 348 

„ quadrangularis, 78, 79,348, 
349 

Citrullus Colocynthis, 365 
Cladophylla, 132 
Cleft, 126 
Cleistogamous, 264 
Clematis, style, 279 
Cleoxne, 227 

„ chelidoiiii, 328 
„ viscosa, 328 
Olerodendron, 119, 231 

„ phlomoides, 308 
Clitoria Ternatea, 80, 237, 355 
doped vascular bundle, 106, 161 
Coccinea indica, 364 
Coccus, 288 

Cochlospermum C-ossypium, 291 
Coconut, 281, 297, 307 
Cocos nucifera, 416, 417 
Coelogyne, 409 
Coldema procumbens, 384 
Collenchyma, 96, 111, 157 
Colocasia, 228 

„ antiquorum, 56, 87, 416 
CombretacesB, 361 --362 
Combretum, winged fruit, 299 
„ ovalifolium, 80 
Commelina benghalensis, 261, 413, 
414 

Comose, 291 
Compositae, 373-376 
Composition of the soil, 166, 167 
Compound leaf, 6, 126 
„ ovary, 253 

„ umbel, 229 

Conditions for germination, 15, 66 
Cone, 509 

Conducting tissue, 113, 196 
Condnplicate, 116 
Cofiffugation, 465 
Connective, 251, 256 
Contorted, 249 
Convolute, 116 

Convolvulus arvensis, 82, 308, 387 
„ Epttleriauus, 387 
Corchorus, fruit, 285 
„ olitorius, 338 
Cordate, 125 
Oordia myxa, 385 


Oordia monoica, 385 
„ Eothii, 385 
Coriander, 228 

Coriandrum sativum, 369, 370 
Cork cambium, 156 
Cork cells, 52, 100, 156 
Corm, 85, 311 
Corolla, 6, 247 
Corona, 248 
Corpuscle, 381 
Cortex, 46, 88, 96 
d'rymb, 227 
Cotton, fruit, 285 
„ plant, 78, 237 
Cotyledons, 11, 127 

„ of castor, 120 

„ lobed, 292 

„ unequal, 292 

Crataeva religiosa, 243 
Crenate, 125 
Crepis, 173 
Crinum, 23, 85, 291 
„ asiaticum, 245 
Cross-pollination, 262 
Crotalaria, 227, 284 
biflora, 354 
jnncea, 354 
medicaginea, 354 
retusa, 354 
verrucosa, 270,353 
Crucifer®, 326, 327 
Cruciform, 

Cryptogams, 1, 438 
Cryptocoryne spiralis, 417 
Cucumber fruit, 279 
Cucumis pubescens, 365 
„ trigona, 365 
Oucurbitaceas, 364, 365 
Cucurbita. 138 

„ epidermal hairs, 28 
„ maxima, 54 
Cumbu grain, 24 
Cuminum cymiiium, 370 
Cuueate (cuneiform), 440 
Cupule, 458 

Curculigo orchioides, 411 
Curcuma, 82 

„ louga, 84, 411 
Cuscuta chinensis, 388 
Cuspidate, 127 
Cutm, 144 
Cuticle, 30, 138 
Cyme, 231 

Cymose branching, 78 
„ inflorescence, 230 
Cyanotis axillaris, 413 
„ cucullata, 414 
Cynodon dactylon, 308 
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Cyperus, 82, 309, 419 
„ rotundas, 417 
Cystoliths, 145, 146 
Cytase, 196 
Cytoplasm, 138, 139 


D 

Dgemia extensa, 381 
Darwin, 482 
Date seed, 21, 22 
Deciduous, 246 
Decussate, 120 
Definite, 231 

Dehiscence of anthers, 251 
fruits, 286 
Dendrobium, 409 
Dentate, 125 
Dermatogen, 160, 151 
Desmodium biarticulatum, 335, 432 
„ triflorum, 335 
DiadelpKous, 239, 249 
Diastase,' 30, 195 
Dichasium, 231 ^ 

Diohrostachys cinerea, 360 
Dicotyledonous seeds, 20, 293 
Dicotyledons, 315 
Didynampus, 250, 395, 396 
Difierenc'es between shoot and root, 
35 

Digera, 228 
Digestion, 195 
Digitate,* 9, 126 
Dimorphic, 239 
Dioscious,’ 243, 264 
Disc, 268, 270 
Dispersal' of seed, 295, 302 
Division of cells, in anther, 149 
Dodon«a, fruits, 299 
„ viscosa, 350 
Dolichahdrone, seed, 299 
Dolichos, 133, 284 
Dolichos Lablab, 11, 16, 18, 34, 35, 
80, 194, 237, 269, 355 
Dominant, 492 
Dopatrium junceum, 393 
„ lobelioides, 393 

„ nudicaule, 393 

Dorsifixed, 251 
Dorstenia indica, 407 
Dregea, fruit, 284 
Drosera, 214 

Drosera Burmanui, 130, 214 
„ indica, 130, 214 

„ .‘peltata, 130 

Drupe, 281 
Drupelets, 281, 372 


D^naria quercifolia, 437 
Disoxylon, seeds, 293 


E 

Echinops echinatus, 305 
Ecological factors, 426 
Egg-cell, 260 
Ehretia buxif olia, 385 
Elater, 459 
Eleocharis, 419 
Elephantopus scaber, 122 
Elettaria cardamomum, 290, 411 
Eleusine aegyptiaca, 421 
Elongating region, 41 
Elytraria, 122 
Emarginate, 127 
Embryo, 11, 292 
Embryonic phase, 218 
Embryo-sac, 259 
Emerson, 505 
Endocarp, 281 
Bndodermis, 49, 96 
Endogenous, 219 
Endosmosis, 169 
Endosperm, 20, 140, 290 
Energy, 187 

„ kinetic, 207 
„ potential, 207 
Bntada scandens, 307 
Entire, 125 

Enveloping organs of a flower, 10 
Enzyme, 195 
Epicalyx, 239 
Epicarp, 281 
Epidermis, 88, 96, 153 
Epigeal seedling, 24 
Epigynous, 251, 255 
Epipetalous, 241, 250 
Epiphytes, 66, 435 
Equatorial plate, 148 
Eragrostis, 422 

Eriodendron amfractuosum, 126, 
291, 336 

Essential organs of a flower, 7, 10 
Eulophia virens, 275, 408, 409 
Euphorbia, 132, 162, 163 , 
Euphorbia antiquorum, 406, 426 
Euphorbiacese, 403"-406 
Euphorbia corrigioloides, 406 
„ hirta, 405 

„ rosea, 406 

„ tirucalli, 406 

Evolvulus alsinoides, 262, 386 

Exodermis, 57 
Exogenous, 218 
Exosmosis, 169 
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Exstipulate, 3:20 
Extent of roots, 30 
Extrorse, 252 


False fruits, 280 
Family, 315 

Fascicular cambium, 04 
Fat, 194 

Feroiiia Elephantum, 344 
Fertilization, 7, 256 
Ferula, 371 

Fibro 'Vascular bundle, 88, 91 
Fibre, 49 
Ficus, 102, 184 
Ficus asperrima, 407 
„ benghalensis, 115, 407 
„ glomerata, 407. 427 
„ Eispida, 407 
„ rehgiosa, 114, 133, 407 
„ Tsiela, 407 
Fig, 288 
Filament, 7 ' 

Filicium decipieus, 132. 
Fimbriatylis, 419 
Fimbristylis miliacea, 418 
Fleshy fruit, 280 
Floral diagram, 236 
Flowers of Aroideae, 205 
Flueggea leucopyrus, 406 
Follicle, 284 
Formaldehyde, 188 
Formation of new organs, 218 
„ proteids, 190 
„ _ starch in leaves, 185 
Formative region, 41 
Formative tissue, 113 
Formic acid, 

Form of the cell, 146 
Free central placentation, 253 
Frond, 440 
Fructose, 195 

Fruits with hooks and spines, 303 
Fruits with sticky glands, 305 
Fuirena, 419 

Functions of the cambium ring, 51 
„ root, 37 

„ stem, 

Fungi, 469 
" Funicle, 397 
Funnel shaped, 247 

a 

Gametes, 308, 471 
Gametes, female, 490 
Gametes, male, 490 


Gametophyte, 443, 445, 458 
Gamopetalons, 239 
Gamosepalons, 239 
Gemmae, 458 
Geniculately, 419 
Genus, 315 
Geotropism, 222 
Geraniaceae, 342 344 
Germination of Calophyllum seeds 
19 

Germination of Castor seed, 120 , 

„ Cicer seed, 19 
„ Dolichos Lablab 

seed, 12 

Germination of Mango seed, 19 
„ Pumpkin seed, 20 
Gill, 477 
Gland, 236 

Glandular tissue, 164 
Gloriosa superba, 82, 412 
Glucose, 189, 195 
Glume, 419 

Gossypium herbaceum, 336 
Grain, 421 
Ground nut, 34 
Ground tissue, 1 13 
Growing point of the root, 41 
stem, 74 

Growth form, 426, 

Growth in plants, 217 - 221 
Guard cells, 134 
Guava, 124, 279, 280 
Guazuma tomentosa, 337 
Gymnosperm, 508 
Gynandropsis truit, 10 ' 
Gynaiidropsis peiitaphylla, 8, 126 
129, 226, '253, 329 
Gynandrous, 249 
Gynobasio, 400 
Gynaeceum, 252 
Gynophore, 328 
Gyrocarpus Jacquini, 298, 362 


Habenaria, 409 

Habeuaria floral meolianism, 275 
276 

Habenaria platyphylla, 409 
„ virkUflora, 409 
Halophytes, 433’ 

Hardwickia, winged fruit, 299 
Hardwickia binata, winged fruit, 
283 

Hmali (Cynodoii dactylon), 82, 
Hastate, 125 
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flaustoria, 69, 210 
Head, 228 
Heart-shaped, 125 
Helianthus, leaf, 184 
Helicoid cyme, 231, 388 
Helicteres Isora, 228 
Heliotropic, 224 
Heliotropium, 231 

„ indicum, 384 

„ marifolium, 384 • 

„ ovalifolium, 382, 

383 

Heliotropium supinum, 384 
Heredity, 489 
Hermaphrodite, 235 
Herpestis Moimiera, 390, 391 
Hesperidium, 282, 

Heterogamous, 374 
Heterozygote, 494 . 

Heynea trijuga, 347 
Hibiscus, 237, 248, 285 

cannabiuus, 239, 240, 316, 
336 

Hibiscus esculeiitus, 239, 240, 316, 
336, 375 

Hibiscus ficulneus, 126 

micranthus, 240, 262, 291 
Rosa-sinensis, 125, 335 
sabdariffa, .336 , 
tiliaceus, ^35 
vitifolius, 239, 240, 315 
HolopteJea integrifolia, 283, 299 
Homogamous, 375 
Homosporous, 449 
Homozygote, 493 
Hopea, 299 

Hopea parviflora, 33, 292 ■ 

Host, 210 

Hugo de Vries, 484, 486 
Hugonia Mystax, 341 ■ 

H’ura crepitans, 303 , 

Hyaloplasm, 139 
Hydrilla verticillata, 428, 430 . 
Hydrophytes, 426, 427 
Hydrotropism, 223 
Hygrophila spinosa, 397 
Hymenium, 477 , 

Hyphse, 470 

Hypocotyl, 15 , . ■ 

Hypocrateriform, 247, 329 
Hypogeal, 25 
Hypogynous, 250, 255 , 


I 

Imbibition, 168 
Imbricate, 240 


Impatieiis balsamina, 343 
„ chinense, ,343 
Increase in progeny, 482 
Indefinite, 230 
Indehiscent, 283 
Indigofera, 269 

„ aspalathoides, 432 

„ enneaphylla, 354 

„ enneaphylla, floral 

mechanism, 271 
Indigofera trita, 432 
Inflorescence, 226 
Inheritance, 486 ^ • 

Innate, 251 
Integuments, 259 
Intercellular passages, 42,' 43 
Interfascicular cambium, 94 
Internode, 5 
Iiitrorse, 252 
Inulase, 196 
Inulin, 194 

Invertase, 195 .■ 

Involucre, 375, 376 
Involute, 116 
lonidium, fruit, 285 
lonidium suffruticosum, 329 
Iphigenia indica, 413 
Ipomoea, 231 
Ipomoea batatas, 172 
„ biloba, 211, 435 
Ipomoea, flowers, 277 
„ reniformis, 80 
Irritability, 139 
Isolation, 488 
Ixora, 227 
Ixora cocciuea, 36 

J 

Jack fruit, 287 
Jack tree, 115 
Jasmine, 231 
Jasminum, 265, 269 
J atropha curcas, 406 
„ glandulifera, 406 
Jussiaaa suffrutiosa, 429 
Justicia, 251 

„ procumbei;is, 273, vSO?,' 398 ‘ 
„ tranqnebariensLs,’ 432 - 

K, 

■Karyokinesis, 147 , 

•Katabolism, 19'2 
Keel-petals, 238, 248 
‘Kidney-shaped, 125 
Klinostat, 223 
Knop’s solutio;i,,200.. 
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L 

Labiatse, 247, 398—401 
bactuca, 114, 162 
bactuca Heyneana, 122, 375, 484 
Lagascea mollis, 375 
Lamella, 142 
Lamina, 114 
Lanceolate, 124 
Latex, 162, 164 
Lathyrus odoratns, 504 
Laticiferons tissue, 113, 162 
Launsea pinnatifida, 211, 435 
Leaf, 114 
LeMets, 6 
Leaf mosaic, 122 
Leaves, kinds, 127 
Leea, 142 
Legume, 284 
Leguminosje, 353 — 361 
Lenticel, 43, 157 
Leoiiotis nepetsefolia, 400 
Leptadenia reticulata, ‘381 
Leucas aspera, 272, 398 
„ linifolia, 272 
Leuooplasts, 141, 142 
Lianes, 80 
Lichen, 123 

Light, importance to photosynthe- 
sis, 187 

Lignilication, 144 
Ligulate, 248, 374 
Ligule, 420 
Liliaceae, 412, 413 
Lime water, 17 
Limnantbemum, 430 
Jjimnanthemum indicum, 426 
Limnophila, 430 _ 

Limnophila gratioloides, 393 
Linaceae, 339—342 
Linear, 124 
Linin, 141 

Linum mysorense, 341 
„ usitatissimum, 339 
Lipase, 196 

Lippia nodiflora, 80, 435 
Looed, 126 

Loculicidal dehiscence, 285 
Lodicnles, 420, 423 
Lomenta, 284 
Loranthus, 69, 209, 210 
Lycopodium, 448 

„ cernum, 448 
Lysigenous cavity, 165 

M 

Mahogany, 73 

winged seeds, 299 


Mahonia, 252 
Maiden-hair fern, 439 
Maize grains, 34 
Maize grain, structure, 23 
Maltase, 196 
Malvaceae, 316, 334—336 
Mangifera indica, 351 
Mango, 15, 127 
Mango fruit, 280 
Mangrove formation, 434 
Marchantia polymorpha, 456 
Margin of leaves, 125 
Margosa, roots, 36 
Marsilia, 445 

„ coromandelica, 448 
„ miiiuta, 445 
Mechanical tissue, 113, 157 
Medulla, 88 

Medullary rays, 54, 88, 103 
Megasporangia, 445 
Megaspore, 445 
Melia, 119 

Melia Azedarach, 127 
Meliace®, 346, 347 
Melochia corchorifolia, 336, 337 ' 
Melothria maderaspatana, 365 
Mendel, 491 
Mendel’s ratio, 495 
„ theory, 495 
Mericarps, 370 
Meristem, 152 
Mesocarp, 281 
Mesophyll, 136 
Metabolism, 192 
Micropyle, 11, 259 
Microsporangia, 445 
Microspore, 445 
Middle lamella, 142 
Millingtonia hortensis, 127 
Mimusops Elengi, 377 
„ hexandra, 377 

Mineral crystals, 145 
Mirabilis, 262, 265,269 

„ Jalapa, flowers, 277 

Mitotic division, 147 
Modecca seeds, 292 
Modifications in roots, 63 
Modified leaves, 130 
„ stems, 79 
Mollugo Oerviana, 368 
„ lotoides, 368 
Momordica Charantia, 365 
Monadelphous, 239, 249 
Monocarpellary, 253 
Monocotyledons 315 
Monocotyledonous, seeds, 20, 293 
Monoecious, 264, 376 
Monopodial branch, 77 
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Monosepalous, 238 
Morinda, 116 
Moringa, 127 

Moschosma polystachya, 400 
Moss plant, 453 
Movements in plants, 221—225 
„ of gases, 182 

Mncronate, 127 
Multiple fruits, 289 
Mnrraya exotica, 345 
„ koenigii, 345 
Mnsa, 116 

Mnsa paradisiaca, 410 
Mushroom, 476, 477 
„ spawn, 478 

Mustard root, 54 
Mutation, 486 
Mycelium, 470, 477 
Mycorrhiza, 213 
Myristica fragrans, seeds, 292 
Myrtaceae, 362-363 

N 

Narthex asafoetida, 371 
Natural order, 31 5 
„ selection, 481 
Nature of plant food, 192 
Negative geotropism, 222 
Nelumbium, 116, 125 
• „ speciosum, 324 

Nepenthes (pitcher plant), 130 
Neptunia, 267 

„ oleracea, 429 
Nerium, 119, 124, 231, 248 
„ odorum, 329 
Nicandra, 390 
Nicotiana Tabacum, 389 
Nitella, 138 
Node, 6 

Non-endospermic seeds, 289 
Nucleolus, 140 
Nucleus, 29, 41,' 140 
Nutrition, 10 
Nymphaea, 116 
Nymphseace®, 323—326 
Nymphgea Lotus, 426 

pubescens, 323 
seeds, 292 

d 

Oblong, 124 
Obovate, 126 
Obtuse, 127 
Ocimum, 251 

Basilicum, 400 
canum, 400 
sanctum, 400 


Odina wodier, 74, 266, 352 
„ roots, 36 

Oil, 194 

Oldenlandia, aspera, 372 
„ Hejrnei, 372 

panicnlata 372 
„ umbellata, 372 

Onion, 228 
Onion plant, 85 
Ontogeny, 481 

Open vascular bundle, 106, 160 
Opposite, 118 
Opuntia, 132 
Opuntia Dillenii, 426 
Orange leaf, 132 
Orbicular, 125 
Orchideae, 408—410 
Orchid seeds, 297 
Organic evolution, 480 
Orimn of cell, 146 
Orobanche cernua, 211 
Oroxylum, winged seeds, 299 
Osmosis, 169 
Ottelia, 116 

Ottelia alismoides, 430 
Ovary, 7 

Ovary, definition of, 280 
Ovate, 125 
Ovule, parts of, 259 
Oxalis corniculata, 342 

P 

Paddy, grain, 24, 25 
Palea, 423 

Palisade parenchyma, 134 
Palmate, 9, 126 
Pandanus, 266 
Pandanus roots, 37 
Panicle, 351, 420 
Panicum colonum 422 
„ Crus-galli, 422 
„ javanicum, 419 
„ prostratum, 422 
„ ramosum, 422 
„ repens, 84, 309 
Papaya seeds, 32 
Papilionaceous, 249 
Pappus, 375 

Pappus hairs of TUdax, 299 
Parasites, 459 
Parenchyma, 162 
Parenchymatous cells, 146 
Parietal placentation, 253 
Parkinsonia aculeata, 1, 132 
Parthenocissus, 348 
Parts of a leaf, 114 
Passifiora, 81 
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PaToiiia,119,237,334, 335 

Pea plant, 81 

Pear, 279 

Pectin, 144 

Pedaline®, 394, 395 

Pedalinm murex, 395 

Peepul (Ficus religiosa) roots, 36 

Pelnonia, 123 

Peltate, 417 

PeiitatropHs, 228 

Peplidium humifusum, 426 

Pepo, 282 

Perianth, 235 

Periblem, 160, 151 

Pericarp, 280 • 

Pericycle, 96, 98 

„ in root, 50, 56 . 

Periderm, 156 • 

Perigynous, 251, 255 
Perisperm, 290 
Persistent, 246 
Petaloid, 240, 247 ‘ ' 

Petals, 6 
Petiole, 6 

Phase of enlargement and elon- 
gation, 219 
Phaseolus, 269 
Phaseolus Mungo, 355 
Phaseolus trilobus, "tiorar mech- 
anism, 271 
Phelloderm, 156 
Phellogen, 156 
Phloem, 50, 90, 159 
Phoenix sylvestris. 416 
Photosynthesis, 186 
Phyllanthus Eniblica, 406 
„ reticulatus, 406 

„ maderaspatensis, 404 

Phyllode, 132 
Phylogeny, 481 
Phyllotaxis, 118 
Physalis, 390 
„ calyx, 279 
„ minima, 122, 125 ' 

Physical basis of life, 28 
Pileus, 477 

Piliferons layer, 45, 48 
Pine apple, 287 ' 

Pinnate, 10, 126 
Pinnules, 443 ' 

Piper fruit, 290 

isonia, fruit with sticky glands,' 
305 

Pistia Stratiotes, 417 ‘ ' 

Pistil, 7 

Pistillate dower, 242 
Pith, 88 

Pithecolobinm dulce, 360 


Pithecolobium dulce seeds, 292 

„ „ with arils, 306 

Pitted vessels, 47 
Placenta, 252 
Placentation, 262 
Plantain, 82 
Plantain fruit, 281 
Plasmolysed, 169 
Plasmolysis, 169 
Plastids, 141 
Plerome, 160, 161 
Pleurococcus, 490 
Pleurococcus vulgaris, 462 
Plumbago zeylanica, persistent 
calyx with glands for dispersal, 

Plumose fruits, 299 
Plumule, 12, 24, 72 
Plus strain, 471 
Pneumathodes, 69 
Pneuma tophores, 69 
Poles, 148 
Pollen, 7 
Pollen grains, 257 
Pollination, 7, 256 
Polliuia, 409 
Pollinium, 381 
Polyalthia, 124, 286 
„ longifolia, 321' 

Polianthes, 85 

„ tuberosa, 412 
Polygalacese, 330—332 
Polygala bolbothrix, 330 
„ chineixsis, 330 

„ erioptera, 330 

„ seeds, 292 
Polygamous, 243 
, Polygonum, 124 

„ glabrum, 115 
Pome, 282 

Pomegranate fruit, 281 
Pongamia, 209 
„ glabra, 355 
Portulacaceffi, 332,-334 
Portulaca oleracea, 332 
„ qnadrifida, 334 
„ wightiana, 334 
Potato, 310,321 
Pothos soandeiis, 417 ■ 

Potometer, 178 , ■ « 

Practical application of Mendel’s 
discovery, 506 

Pressure exerted by the radicle of 
seeds, 14 

.Primary axis, 11 ' 

Primary medullary rays, 95, 96 
Primary meristem, 51 
Primary phloem, 51 



J NDBX 


569 


Primary root, 36 
Primary xylem, 51 
Primordial utricle, 138 
Procambial strands, 94 
Procambium, '94, 162 
Protandrous, 265 
Protective tissue, ll3 
Proteids, 194 ' 

Proteid synthesis, 190 
Proth alius, 443 
Protogynous, 264 
Protonema, 455 
Protoplasm, 28, 137 
Protoplasm, composition of,, 139 
Protoplast, 137 
Protoxylem, 56, 

Psidium G-uyava, 363 
Pteridophyta, 439 
Pterocarpus, winged fruit, 299 
Pterolobium indicum, fruit, 283 
„ winged fruit, 299 
Pterospermum, 337 
Pucciiiia graminis, 473 
Puccinia purpurea, 472 ■ 

Pupalia atropurpurea, 402 
Purity of the germ cell, 493 
Pyrenes, 282, 372 
Pyxis, 286 

Q 

Quetelet’s curve, 485 
Quincuncial, 241, 249, 340 
Quincuncially, 387 . 

Quisqualis, 133 

R 

Eaceme, 227 ' 

Eacemose, 229 
Eacemose branching, 77 
Eachilla, 423 

Eadial vascular bundles, 161 
Eadicle, 11, 12, 24 
Eadish, 64, 172, 173, 327 
„ root, 54 
Eain tree, 74 
Eamenta, 439 

Eandia dumetorum, 372, 373 
Eaphides, 145 
Eayed,374 
Eeceptacle, 235, 255 
Eecessive, 492 

Eeduction division, 149, 490, 496, 
497 

Eeintorced fruit, 280 
Eeniform, kidney-shaped, 125 
Eeproductiou, 10 


Eeserve food, 26 
Eeserve fruit in coconut seed, 33 
„ „ mango „ 33 

Eesin ducts, 165 
Eespiration, 204—208 
„ apparatus, 17 
Eespiration of germinating seeds 
and seedlings, 16 
Eeticulated, 144 
Eeticulated vessels, 47, 143 
Eetuse, 127 _ 

Eiccia sanguinea, 460 
Eicinus communis, 406 
Ehamnese, 347-348 
Ehizoids, 444, 453 
Ehizomes, 84 
Ehizomorphs, 477 
Ehizophora, 33 
Ehizophore, 451 
Ehizopus, minus strain, 471 
„ ■ nigricans, 469, 471 

Ehododendron, 73 
Ehynchosia minima, 355 
Eoot-cap, 35 
Eoot-cap of Banyan, 40 
„ of Pandanus, 40 
Eoot-hairs, 44, 63 
Eoot pressure, 175 
Eoot-sheath, 23, 24 
Eoot stock, 84 
Eoot-suckers, 36 
Eoot system, 34 
Eoot system of oat plant, 36 

■ „ paddy jdant, 36 

„ pumpkin plant, 36 

„ trees, 39 

Eoot-tip, 41, 62 

Eotate, 247, 386, 389 

Eotation, 138, 225 

Eotund, 125 

Eubiaceae, 371-373 

Euellia fruit, dehiscence and 

■ dispersal, 303 
Euellia patula, 395 

Euellia prostrata, flowers of, 242 
Euminate, 322 
Eungia repens, 397 
Eunners, §0 
Eutacese, 344-346 

■ 

S 

Sach’s solution, 200 
Sagittate, 125 
Salicornia, 434 
Saltative variation, 484 
Salver-shaped, 247 
Salvia, 251 
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Salomonia oblongifolia, 331 
Samara, 283 
Sand-culture, 199 
Santalum, 209, 210 
Sapindacese, 349—351 
Sapindus emarginata, 350 
Sapotaceae, 376-378 
Saprophyte, 213, 469 
Sarcostemma brevistigma, 381 
Scalariform vessels, 47 
Scale-leaf, 19, 127 
Schizocarp, 283 
Schizogenous cavity, 165 
Schleiden, 137 
Scilla, ^ 85 
Scilla indica, 413 
Scirpus, 419 
Scitaminese, 410 -411 
Sclerenchyma, 49, 157, 158 
Sclereuchymatous cells, 146 
Sclerotic cells, 157 
Scorpioid cyme, 232 
Scrophularinese, 390—394 
Scutellum, 23 
Scutia indica, 348 
Secondary medullary rays, 96 
„ meristem, 61 

„ nucleus, 260 

„ phloem, 51 

„ xylem, 51 

Seed, 7 

Seeicoat, 11, 291 
Seedlings of castor, 26 
„ Crinum, 26 
„ Maize, 26 

Seedling observation box, 34 
Segregation of gametes, 494 
Selaginella, 450 
Selaginella inequalifolia, 450 
„ plumosa, 450 

Selective power of protoplasm in 
root-hairs, 171 
Self-pollination, 262 
Semi-amplexicaul, 420 
Semi- parasites, 209 
Semi-permeable membrane, 170 
Sepals, 6 

Septicidal dehiscence, 286 
Septifragal dehiscence, 286 
^ Sequoia gigantea, 2 
Series, 315 
Serrate, 125 
Sesamum indicum, 394 
laciniatum, 395 
„ prostratum, 395 
Seshania, 429 

aegyptiaca, 227,355 
grandiflora, 355 


Sesuvium Portulacastrum, 434 
Setaria, 422 
Setaria italica, 476 
Shapes of leaves, 124 
Shoot, 4, 72 
Shoot-system, 72 
Shorea,Vinged fruits, 299 
Skeleton of the leaf, 136 
Smut, 474, 475 

Solanum Melongena, 247, 388 
„ nigrum, 389, 125 

„ torvum, 389 

„ xanthocarpum, 389 
Solid bulb, 85, 311 
Souchus, 114, 122 
Sonneratia acida, 434 
Sopubia dephinifolia, 393 
Sorusj 441 

Soymida, winged seed, 299 
Spadix, 228, 417 
Spathe,228, 237 
Species, 325 

Spermacoce hispida, 273, 373 
Spermatophyta, 1 
Sperm-cells, 

Spikes, 228 

Spathulate, 346 * 

Spines, 82 

Spinifex squarrosus, inflorescence 
306 

Spinifex squarrosus, 435 
Spiral vessels, 47, 143, 144 
Spirogyra, 463,- 464 
Spon^ parenchyma, 134 
Sporangia, 441 
Spores, 438 
Sporobolus, 422 
Sporocarp, 445 
Sporophyll, 449 
Sporophyte, 444 
Skchytarpheta indica, 126 
Stamens, 7, 249 
Staminal corona, 252 
Staminate flower, 242 
Staminodes, 242, 394 
Standard, 238, 248 
Starch, 193, 194 
„ grains, 30, 144 

u „ corroded, 3 
Stele, 47, 93, 96 
Stemodia, 251 

„ viscosa, 390 
Sterculiaceas, 336—338 
Stigma, 7, 259 
Stimulus, 424 
Stipules, 6, 114 
Stolons, 80, 417 
Stoma, 134 
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Stoma— part played by stoma in 
transpiration, 177 
Storage food, 193 
Storage -forms of food, 193 
Streblus asper, 407 
Striga, 209 

Striga lutea, 69, 210, 393 
■"Striga orobanchoides, 211 
Striga seeds, 297 
StropMole, 291 
Structure of cotyledon, 26 
„ monocotyledonous 

root, 55 

„ „ Musa root, 57 

„ „ Andropogon sor- 

ghum, root, 59 
„ „ Onion, root, 58 

„ „ root-cap, 40 

Structure and function of root- 

- hairs, 43 

Structure of the stem of Aristo- 
, lochia braeteata, 97 
Structure of the stem of Herpes- 
tis, 104 

Structure of the stem of Hibiscus 
cannabinus, 97 

Structure of monocot stem, 106 
Stem, *Panicum repens, 110 
Structure of Sun-nower stem, T ‘ 

, Thcspesia populnea 
, 98 

Structural elements of vascular 
bundles, 46 

Stylosanthes mucronata, 432 
Suseda, 434 
Suberin, 144 
Sugar, 194 

Survival of the fittest, 486 
Suture, dorsal, 254 
„ ventral, 253 
Sweet potato, 64 
Swelling of seeds, 13 
Syconium, 288 
Sympodial branches, 78 
Synantherias corm, 311 

„ sylvatica, 87, 417 
Syncarpous ovary, 253 
•Synergids, 260 
Syngenesious, 249, 375 
System of classification of Ben- 
tham and Hooker, 314 
System of Engler, 314 
Syzygium Jambolanum, 362 • 

T 

Tamarindus indica, 358 
Tap root, 4 


Taraxacum, 173 
Tecomar, winged seed, 299 
Teleutospore, 473 
Tendrils, 78, 81 
Tephrosia, 116, 227 
Tephrosia hirta, 354 

„ purpurea, 273, 354 
„ maxima, 270 
Teramnus labialis, 80, 355 
Terminalia Arjmia, 361 
„ caitappa, 362 

„ cbebula, 362 

Testa, 291, 878 
Tetradynamous, 250 
Tetramerous, 372 
Thalamus, 255 
Thallophyta, 438 
Thallus, 438 

Theriophonum crenatum, 417 
Thespesia, 116, 119 
„ populnea, 336 

Thorns, 82 
Tiliacea, 338, 339 
Tobacco flowers, 277 
Toddalia, 345 

Tolyposporum filiferum, 476, 476 
Tomato, 280 

Tragus recemosus, spikelets with 
hooks, 305 
Trama, 477 
Trapa, 122 

„ bispinosa, 426 
Trianthema decandra, 366, 367 
„ Portulacastrum,366 
„ triquetra, 368 
Tribulus flower, 268 
„ fruit, 7, 8 
„ terrestris, 4, 235, 257 
„ „ branch, 5 

Trichodesma, 251 

„ indicum, 382 
Trichosanthes anguina, 365 
Tridax, 228 
Tridax fruit, 280 

„ procumbens, 263, 3-73 , 
Tridax, wide distribution of, 300 
Tripinnately compound, 127 
Triumfetta pilosa, hooked fruits, 
303 

Triumfetta rhomboidea, 338 
Trophic movements, 222 
Truncate, 127 
Tubers, 84, 417 
Tubular, 247 
Turmeric, 84 
Twigs of Mahogany, 76 
„ Mango, 76 
Twiners, 80 



INDEX 


Twisted (contorecl), 240 
Tylophorsa, 228 
Typhoiiium trilobatum, 417 

XT 

Umbel, 228 
Umbellifeme, 869 
Underground stems, 82 
Unisexual flowers, 242 
Unit cliaracters, 402 
Uredospores, 473 
Urena, 384, 885 

Urena lobata, booked fruits, 808 
Urginea, 85 
Urticaces, 406, 4f)7 
Uses of water, 80 
Ustilago crameri, 4^6 
Utilisation of plant food, 192 
Utricle, 402 ^ ■ 

Utricularia, 130, 214 

exolaeta, 188 
” reticulata, 215 

V 

Yacuoles, 29, 41, 188 
Yallisneria, 138,277 

spiralis, 29, 428, 480 
Valvate, 248 _ „ 

TandaEoxburghii, 409, 

Variation, continuous, 484 
discontinuous, 484 
’’ fluctuating, 484 

VaBonlar bundles, 4f) 

bundle of a fem, 440 
” cryptogams, 489 

tissue, 159 ’ • 
Vateriaiudica, seeds, 292 
Vegetable cell, 28 ■ 

Vegetative reproduction, 308 
VeTameii,67,48() 

Ventilago maderaspatana, style, 
279,848 
Vessels, 45 
Veruonia, 228 

cmerea, 88, 875 
Versatile, 251 
Verticillaster, 233, 401 
Vicoa, auriculata, 375 
Vigna,269 
Vigna Catiang, 355 

floral mechanism, 
” 270 

Vinca, 119, 269 
„ fruit, 284 
pusilla, 379 
rosea, 379 


Viola, 116 
Violace®, 329-330 
Viola distaiis, 330 
„ Potrini, 330 
Viola serpens, 330 
Viscum, 69, 209, 210 
Vitacese, 348-349 
Vitex, 132 
Vitis, 348 
Vitte, 370 

Von Orone’s solution, 200 


Walsura Piscidia, 347 
Waltheria indica, 337 
Water culture, 198, 199 
Wheel-shaped, 247 
Whorled, 118 
Winged fimits, 299 
„ seeds, 299 
Wing petals, 238, 248 
Withania, 279, 390 
Wood-fibres, 167, 159 
Woody stem, 98 
Work of the foliage leaves, 175 
root, 167 
„ stem,- 173 
Wrightia, 231 

„ corona, 248 
„ fruit, 284 

„ tinctoria, 379 

Wrinkling in the seed coat, 13 

X 

XantMum strumarium, 376 

• „ hooked 

fruits, 303 
Xanthophyll,' 141 
Xanthophyllum flavescens, 881 
Xerop%tes, 426, 481, 432 
Ximenia, 210 
Xylem, 49, 90, 159 


Zea Mays, 144, 266 
Zingiber officinale, 44 
Zizyphus fruit, 282 
. „ Jujuba, 347 

„ (Buoplia, 348 ' 

„ rugosa, 348 

- „ xylopyrus, 348 

Zornia diphylla, 355 
Zygospore, 471 
Zygotes, 493 




